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WATER  PLANT  OPTIMIZATION  STUDY 
NIAGARA  FALLS  WATER  TREATMENT  PLANT 

SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 


The  purpose  of  the  Water  Plant  Optimization  Study  (WPOS)  is  to  document  and 
review  the  present  conditions  and  determine  an  optimum  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  the  removal  of  particulate 
materials  and  the  disinfection  processes. 

In  striving  for  excellence  in  water  treatment,  it  is  important  to  examine  all 
possible  approaches,  but  first,  optimum  use  should  be  made  of  the  processes 
already  in  place. 

This  optimization  study  is  a  beginning  and  not  an  end  to  itself;  it  is  the  start 
of  an  ongoing  documentation  of  the  operation  of  the  plant.  It  is  recommended 
that  this  document  be  updated  on  an  annual  basis. 

This  plant  location  was  chosen  for  the  MOE  study  of  Trace  Organics  Removal, 
which  was  proceeding  during  the  period  of  this  study. 

The  plant  is  presently  installing  a  computerized  operating  system  which  includes 

a  process  control  system  for  the  plant  and  distribution  system,  and  on-line 

status  reporting.  This  system  should  improve  the  data  collection  and  process 
control  of  the  plant. 

The  Niagara  Falls  Water  Treatment  Plant  is  characteristic  of  those  found  in 
Regional  Niagara  in  that  operational  staff  are  continuously  interested  and 
involved  in  optimization  of  the  process,  and  are  supported  in  these  endeavours 
by  Regional  management.  In  this  regard,  the  Niagara  Falls  plant  has  made 
considerable  strides  towards  optimization;  however,  in  an  examination  of  this 
depth,  areas  of  further  action  and  study  have  been  identified  and  are  listed  on 
the  following  page. 


SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS  (cont'd) 

PHYSICAL  IMPROVEMENTS 

Provide  a  method  of  recording  the  separate  flows  for  plant  Sections  1 
and  2. 

Install  alum  pump  calibration  equipment. 

Consider  a  streaming  current  monitor  system  with  separate  monitors  for 
Sections  1  and  2  if  its  merits  are  proven  by  further  tests. 

Provide  separate  coagulant  application  points  for  plant  Sections  1  and 
2. 

Convert  plant  Section  1  flocculation  tanks  to  bottom  entry. 

Provide  a  chlorine  scale  to  allow  separate  measurement  of  pre  and  post 
dosages. 

STUDIES 

Conduct  laboratory  and  plant  scale  testing  to  evaluate  the  merits  of 
flash  mixing. 

Consolidate  and  continue  to  study  the  use  of  coagulant  aids. 

Conduct  plant  scale  studies  on  the  effects  of  flow  rate  on  the 
flocculation  tank  performance. 

Evaluate  the  sedimentation  tank  short  circuiting. 

Conduct  plant  scale  testing  to  evaluate  the  effect  of  lower  filtration 
rates  on  filter  effluent  quality. 

•    Evaluate  the  optimum  backwash  water  volumes. 

OTHER  RECOMMENDATIONS 

Record  the  backwash  water  volumes 

The  Ministry  of  the  Environment  should  develop  a  surrogate  measurement 
for  chlorinated  by-products  for  use  in  water  plants  in  Ontario 

Transfer  to  other  jurisdictions  the  technology  and  management 
strategies  developed  and  used  in  the  Niagara  Region,  especially  in  the 
areas  of: 

-  record  keeping 

-  f i Iter  operation 

-  filter  media  characterization 

-  plant  maintenance 


WATER  PLANT  OPTIMIZATION  STUDY 
NIAGARA  FALLS  WATER  TREATMENT  PLANT 

TERMS  OF  REFERENCE 

The  terms  of  reference  for  this  report  are  included  at  the  back  of  the  report, 
following  the  appendices. 

The  terms  of  reference  for  the  overall  program  have  evolved  during  the  period  of 
this  study.  So  as  to  make  this  report  similar  to  later  reports,  we  have 
included   items  which  are  requested   in  the  newer  terms  of  reference. 
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SECTION  A 

RAW  WATER  SOURCE 


A.I     General  Quality 

The  Niagara  Falls  WTP  takes  raw  water  from  Lake  Erie  via  the  Niagara  River  and 

the  Wei  land  River  Channel.  The  majority  of  the  time,  the  raw  water  comes  from 

the  Niagara  River,  since  the  Welland  River  flow  is  diverted  by  Ontario  Hydro. 

It  is  possible  for  the  plant  to  receive  Welland  River  water. 

The  configuration  of  the  Niagara  River  upstream  of  the  confluence  of  the  Welland 
River  has  the  Chippawa  Channel  on  the  Canadian  side  and  the  Tonawanda  Channel  on 
the  American  side.  Much  of  the  potential  contaminants  tend  to  pass  through  the 
Tonawanda  Channel  as  shore-attached  plumes.  The  Chippawa  Channel  can  receive 
some  contaminants  from  the  Buffalo  Harbour  area,  but  this  will  be  quite  variable 
due  to  wind  and  wave  action. 

In  the  years  1983  to  1986,  the  general  raw  water  quality  parameters  varied  as 
fol  lows: 

Turbidity  (FTU)  0.45-51 

Colour  (TCU)  2.5-9.5 

Temperature  (°C)  1-25 

Alkalinity  (mg/L  as  CaCOs)  95-105 

Hardness  (mg/L  as  CaCOs)  117-132 

pH  7.1-8.4 

Aluminum  (mg/L)  0.009-0.380 

Threshold  Odour  Numbers  0-2 

Taste  and  odour  is  a  seasonal  problem,  and  typically  occurs  in  July  and  August, 
but  has  been  minimal  in  recent  years. 
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SECTION  B 
FLOW  MEASUREMENT 


SECTION  B 

FLOW  MEASUREMENT 


B.I  Raw 

The  original  plant  was  built  in  1930  and  is  referred  to  as  Section  1.  The  newer 
part  of  the  plant  was  built  in  1954  and  is  referred  to  as  Section  2.  Raw  water 
is  measured  separately  for  Section  1  and  Section  2  of  the  plant. 

The  meters  are: 

Section  1  -  600  mm.  Universal  venturi  insert,  0  to  75  ML/d  capacity 
Section  2  -  600  mm.  Universal  venturi  insert,  0  to  75  ML/d  capacity 

The  total  raw  water  flow  is  recorded  on  a  305  mm  diameter  chart  and  totalized 
continuously  in  the  control  room.  The  totalized  flow  is  recorded  every  eight 
hours  on  the  daily  record  and  totalled  for  the  day. 

B.2     Treated 

There  are  two  discharge  treated  water  mains  leaving  the  Niagara  Falls  WTP,  and 
each  has  its  own  meter  and  transmitter. 

The  meters  are: 

750  mm.  Universal  venturi  insert,  0  to  70  ML/d  capacity 
900  mm.  Universal  venturi  insert,  0  to  150  ML/d  capacity 

The  total  treated  water  flow  leaving  the  plant  is  recorded  on  a  305  mm  diameter 
chart  and  totalized  continuously  in  the  control  room.  The  total  treated  flow  is 
recorded  every  eight  hours  on  the  daily  record  and  totalled  for  the  day. 

B.3     Backwash 

There  are  two  backwash  pumps  discharging  into  a  common  header,  which  is  metered. 
Backwashing  is  normally  accomplished  by  using  one  of  the  pumps.  There  is  also 
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B.3     Backwash  (cont'd) 

an  elevated  backwash  holding  tank  that  can  be  used  if  the  backwash  pumps  are  out 

of  service.  The  backwash  tank  is  isolated  from  the  washwater  header  with  an 

isolation  valve,  which  is  normally  closed.  The  flows  from  the  tank  are  not 
metered. 

B.4     Filters 

The  original  eight  filters,  numbered  lA,  IB,  2A,  2B,  3A,  38,  4A,  and  4B,  are  now 
considered  as  four  filters,  since  the  flow  from  each  pair  is  metered  together; 
e.g.  the  flow  from  lA  and  IB  goes  through  a  conrion  meter.  Therefore,  there  are 
four  meters  that  serve  the  original  eight  filters.  These  flow  meters  have  a 
capacity  of  30  ML/d  at  1.53  m  W.C.  (60.24  in.  W.C). 

The  newer  eight  filters  are  numbered  5  to  12,  consecutively.  They  are  piped  to 
eight  separate  meters.  These  flow  meters  have  a  capacity  of  15  ML/d  at  1.38  m 
W.C.  (54,32  in.  W.C). 

At  the  present  time,  the  maximum  filter  rates  are  set  individually  at  each 
filter,  but  can  be  cut  back  by  a  clearwell  level  override. 

B.5     Validity 

There  are  no  reported  problems  with  the  accuracy  of  metering  at  the  plant.  In 
recent  years,  all  of  the  metering  has  been  replaced  and  upgraded  with  various 
modernizing  contracts.  Much  of  this  work  is  still  ongoing. 

The  flow  data  in  Table  1.0  of  Appendix  A  shows  a  consistent  and  systematic  set 
of  information,  with  no  apparent  difficulties. 

The  per  capita  flow  data  provided  in  Table  1.1  of  Appendix  A  includes  a  fairly 
high  average  and  maximum  daily  flow,  but  this  is  not  surprising,  given  the 
extensive  and  year-long  influx  of  tourists  into  Niagara  Falls. 
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SECTION  C 

PROCESS  COMPONENTS 


Cl 


General 


The  following  drawings  are  included   in  Appendix  F: 


(a 
(b 
(c 
(d 
(e 
(f 

(g 

(h 
(i 
(J 


Site  and  Location  Plan  dated  May 
Block  Schematic  dated  May  1987 
Dwg.  No.  E8  Upgrading  of 

El  Filters 
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E3  Filters 

E4  Filters 

E5  Washwater 

CS-6  Low  Lift  - 


1987 


Dwg. 
Dwg. 
Dwg. 
Dwg. 
Dwg. 
Dwg. 
Dwg. 


No. 
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No. 
No. 
No. 
No. 
No. 


CS-7  High  Lift  - 


Low  and  HL 

Stations  -  P&ID 

P&ID  (1) 

-  Sept.  1984 

P&ID  (2) 

-  Sept.  1984 

P&ID  (3) 

-  Sept.  1984 

P&ID  (4) 

-  Sept.  1984 
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-  Apr.  1985 

P&ID 
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This  section  includes  detailed  information  on  Design  Data  and  Chemical  Systems. 

This  section  also  contains  a  series  of  photographs  to  illustrate  the  major  plant 
components  and  chemical  feed  systems. 


C.2 


Design  Data 


(a) 


Plant  Capacity 


Sections  1  and  2  both  contain  f locculation,  sedimentation  and  filtration. 
Section  1  contains  Filters  1-4,  and  Section  2  contains  Filters  5-12. 

Numerous  piping,  pumping  and  instrumentation  changes  have  occurred  over  the 
years. 

The  nominal  rated  capacity  of  the  facilities  is  146  ML/d,  with  a  present  average 
daily  flow  of  about  60  ML/d.  All  of  the  operating  data  presented  herein  are 
based  on  flows  of  60  and  146  ML/d.  In  the  past,  a  higher  proportion  of  the 
total  flow  was  directed  through  Section  2  than  through  Section  1.  The  Region 
has  made  some  hydraulic  changes,  which  allows  almost  equivalent  flows  through 
each  section.  Thus,  at  present,  the  Region  operates  the  plant  by  dividing  the 
flow  equally  to  each  section  of  the  plant. 
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FIGURE  I 

NIAGARA  FALLS  WATER  TREATMENT  PLANT 
PROCESS  AND  PIPING  SCHEMATIC 
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(b)  Intake 

The  intake  is  concrete,  1220  mm  in  diameter  and  139  m  long.  Gore  &  Storrie 
carried  out  tests  on  the  intake  on  14  January  1980  and  established  a  capacity  of 
163.7  ML/d  and  a  friction  coefficient  C=100. 

(c)  Surge  Well 

The  intake  pipe  terminates  in  a  concrete  surge  well  just  before  the  travelling 
water  screens.  The  surge  well  is  divided  into  two  sections  1.5  m  X  3.1  m  X  2.7 
m  deep  each. 

(d)  Screening 

There  are  two  concrete  screen  chambers  each  3.1  m  X  3.7  m  X  2.7  m  deep. 

Each  chamber  houses  a  travelling  water  screen  1.5  m  wide  with  a  9.6  mm  mesh. 
One  screen  has  a  stainless  steel  mesh  and  the  other  has  a  copper  mesh.  The 
capacity  of  each  screen  is  81.8  ML/d.  The  screens  are  manually  operated. 

The  screens  are  scheduled  to  be  automated  in  1987. 

(e)  Low  Lift  Pumping 

There  are  two  concrete  low  lift  suction  chambers  each  14.9  m  X  2.8  m  X  2.7  m 
deep. 

The  following  pumps  are  installed: 


(e) 


Low  Lift  Pumping  (cont'd) 


1   ^O-   1     TVPE    1  'Z%'' 

1    1   1  Electric   1    27.4 
1    2   1   Electric   1    45.6  (ea.) 
1    1   1  Electric   1    54.5 
1    1   1  Electric   1    36.5 

Total  Installed   '   209.6 

Firm  Capacity     i   155.1 

A  standby  Diesel  generator  is  available  to  run  the  54.5  ML/d  low  lift  pump 
during  a  power  outage.  This  matches  the  high  lift  Diesel  pumping  capability. 

The  low  lift  discharge  consists  of  a  common  900  mm  diameter  header  which  splits 
into  two  600  mm  diameter  headers  that  feed  Sections  1  and  2. 


(f) 


In-Line  Mixer 


There  can  be  two  purposes  for  mixing  of  chemicals  into  the  main  process  stream: 
blending  and  flash  mixing.  Blending  consists  of  the  distribution  of  chemicals 
uniformly  throughout  the  body  of  the  process  stream  and  is  characterized  by 
relatively  high  velocity  gradients  of  greater  than  200  sec"'  for  periods  of  up 
to  several  minutes.  Flash  mixing  addresses  the  coagulation  concept  that 
blending  must  occur  within  a  very  short  period  of  time,  a  matter  of  seconds,  and 
this  requires  very  high  velocity  gradients  of  greater  than  1000  sec"'.  It  is 
important  to  recognize  the  difference  between  these  two  concepts  and  their 
process  implications.  Blending  mixing  is  to  ensure  that  the  process  components 
will  behave  uniformly.  Flash  mixing  has  been  espoused  by  some  researchers  in 
water  chemistry  as  improving  the  coagulation  process. 

The  common  900  mm  dia.  stainless  steel  low  lift  pump  discharge  header  contains 
an  in-line  mixer.  This  mixer  was  taken  out  of  service  after  Streaming  Current 
Monitor  (SCM)  tests  showed  a  deterioration  of  performance  while  using  the 
mixer. 
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(g)     Flocculation 

Ail  flocculation  tanks  are  hydraulic  spiral  over  and  under  flow  and  are  made  of 
concrete. 

The  flocculation  tanks  for  Section  1,  serving  Filters  1-4  consist  of  12  tanks, 
3.64  m  X  3.54  m  X  4.57  m  deep  each.  The  12  tanks  are  arranged  as  3  sets  of  4 
cells  in  series.  The  total  volume  of  the  flocculation  tanks  is  710  m^ . 

Assuming  a  50  percent  split  of  flows  between  Section  1  and  Section  2,  the 
flocculation  detention  times  at  146  and  60  ML/d  are  14  and  34  minutes, 
respectively. 

The  flocculation  tanks  for  Section  2,  serving  Filters  5-12,  consist  of  18  tanks, 
3.58  m  X  3.58  m  X  5.18  m  deep  each.  The  18  tanks  are  arranged  as  3  sets  of  6 
cells  in  series.  The  total  volume  of  the  flocculation  tanks  is  1195  m\ 
Assuming  a  50  percent  split  of  flows  between  Section  1  and  Section  2,  the 
flocculation  detention  times  at  146  and  60  ML/d  are  24  and  57  minutes, 
respectively. 

The  mixing  velocity  gradients  in  the  flocculation  tanks  have  been  estimated 
based  on  a  mixing  energy  input  equivalent  to  the  loss  of  momentum  of  the  water 
entering  the  tanks.  This  is  a  conservative  estimate  of  the  total  mixing,  since 
other  energy  losses  occur  during  passage  of  the  water  from  one  tank  to  another. 
This  additional  mixing  energy  could  result  in  G  values  which  are  as  much  as  25 
percent  higher.  The  actual  energy  loss  can  be  obtained  from  precise  hydraulic 
tests. 

Useful  flocculation  velocity  gradients  range  from  100  to  <10  sec"'.  A  "tapered" 
or  stepped  series  should  be  used;  the  highest  mixing  is  provided  initially, 
progressing  through  a  series  of  cells  of  decreasing  mixing  levels. 
Additionally,  the  dimensionless  parameter,  Gt,  which  is  the  product  of  velocity 
gradient  and  the  duration  of  mixing,  is  a  most  useful  parameter  which  usually 
must  have  values  within  the  range  of  10"  to  10^. 


(g)     Flocculation  (cont'd) 

Estimated  Velocity  Gradient  at  12°C: 


Section  1  30  ML/d  73  ML/d 

Cell  1  G  =  13  s"'  G  =  49  s-' 

Cells  2-4  G  =  6  s"'  G  =  23  s-' 

Overall  Gt  =  1.6  x  10"  Gt  =  2.6  x  10" 


Estimated  Velocity  Gradient  at  12°C: 

Section  2       30  ML/d  73  ML/d 


Cell  1  G  =  20  s''  G  =  76  s'' 
Cells  2-6  G  =  9  s''  G  =  34  s' ^ 
Overall      Gt  =  3.8  x  10"     Gt  =  6.0  x  10" 

There  are  flow  equalization  tanks  between  the  flocculation  chambers  and  the 
settling  basins. 

(h)     Settling 

The  settling  tanks  are  horizontal  cross-flow  and  are  made  of  concrete. 

There  are  3  tanks  in  Section  1,  serving  Filters  1-4.  Each  settling  tank  is  34.1 
m  X  7,3  m  X  4.9  m  deep.  The  total  volume  and  surface  areas  of  the  settling 
tanks  are  3660  m^  and  750  m^,  respectively.  Assuming  a  50  percent  split  of 
flows  between  Section  1  and  Section  2,  the  settling  detention  times  at  146  and 
60  ML/d  are  72  and  176  minutes,  respectively.  For  similar  flow  conditions,  the 
overflow  rates  are  4.1  and  1.7  m/h,  respectively. 

There  are  3  tanks  in  Section  2,  serving  Filters  5-12.  Each  settling  tank  is 
40.7  m  X  7.6  m  X  5.8  m  deep.  The  total  volume  and  surface  areas  of  the  settling 
tanks  are  5380  m^  and  930  m^,  respectively.  Assuming  a  50  percent  split  of 
flows  between  Section  1  and  Section  2,  the  settling  detention  times  at  146  and 
60  ML/d  are  106  and  260  minutes,  respectively.  For  similar  flow  conditions,  the 
overflow  rates  are  3.3  and  1.3  m/h,  respectively. 

The  settled  water  is  discharged  into  settled  water  conduits. 


(i) 


Filters 


Niagara  Falls  has  12  filters  in  total.  Filters  lA,  IB,  2A,  2B,  3A,  3B,  4A  and 
48  were  built  in  1930  and  are  now  known  as  Filters  1-4.  There  are  four  filter 
flow  meters;  one  for  each  pair  of  filter  boxes.  The  original  underdrains  for 
these  filters  have  been  replaced  with  PVC  pipe  lateral  underdrain  systems. 

The  second  eight  filters  were  built  in  1954  and  are  known  as  Filters  5-12. 
There  are  eight  filter  flow  meters;  one  for  each  filter  box.  These  filters  have 
Leopold  underdrains. 


All  filter  boxes  are  constructed  of  concrete, 
filter  cells. 


Each  filter  box  contains  two 


All  filters  at  Niagara  Falls  are  dual  media  and  have  surface  agitators, 
filters  have  constant  rate  controllers  with  clearwell  level  override. 


The 


FILTERS  1-4  (1930) 


'  W(ni)  1  L(m)  1  (]),    \    SURFACE    |   GROSS    |   g\ 

1      1      1  D(m)  1  AREA  (m^)  |  VOL.  (m^)  ,  ^q^^  (^3^ 

1  Each  Cell   1  3.4   I  7.1   1  2.3  1   24.1    I   55.5    1     41 

1  16  Cells   1  -   1  -   1  -   1  386.2    1  888      1    656 

Notes: 

(1)  D(m)  is  depth  of  water  in  filter  box  in  metres 

(2)  Net  vol.  (m^)  assumes  a  filter  media  and  underdrain  porosity  of  0.4. 
Media  depth  including  drains  ranges  from  0.940  m  to  1.067  m. 
Approximate  make  up  is  as  follows: 


Anthracite 

Sand 

Gravel  and  Drains 


Depth   (m) 

0.432 
0.254 
0.457 

1.143 
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(i)     Filters  (cont'd) 

FILTERS  5-12  (1954) 


'  W(m)  1  L(.)  1  (|),  1  SURFACE    |   GROSS     |    ^^j 
1     1     1  D(m)  1  AREA  (m^)  ,  VOL.  (m^  ,  ^q|_^  (^a^ 

1  Each  Cell   1  3.78  1  6.32  1  3.07  1   23.9    1    73.3   1    57.7 

1  16  Cells   1  -   1  -   1  -   1  382.4    1   1172.8   1   923.2 

Notes: 

(1)  D(m)  is  depth  of  water  in  filter  box  in  metres 

(2)  Net  vol.  (m^)  assumes  a  filter  media  and  underdrain  porosity  of  0.4. 
Media  depth  including  drains  ranges  from  1.016  m  to  1.168  m. 
Approximate  make  up  is  as  follows: 


Anthracite 
Sand 
Gravel 
Drains 


Depth  (m) 

0.433 
0.253 
0.201 
0.265 

1.152 
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(i)     Filters  (cont'd) 

OPERATING  PARAMETERS 

Influent  Turbidity  Range  (FTU)   1.9-6.7   based  on  readings  every  4  hours 

during  period  Dec/85-Jan/86 


Effluent  Turbidity  Range  (FTU)   0.16-0.43  based  on  readings  every  4  hours 

during  period  Dec/85-Jan/86 


Length  of  Run  72  hr.  (old  Filters  1-4) 

12   hr.  (new  Filters  5-12) 
All  based  on  present  average  day  flows. 


Headloss  (Max.)  2.0  m 


Flow  Rate  Filtration  Rate 


Total    Split    Section  1    Section  2 
Flow     Flow   Filters  1-4  Filters  5-12 


146  ML/d  73  ML/d    8.0  m/h     8.0  m/h 
60  ML/d  30  ML/d    3.3  m/h     3.3  m/h 


Backwash  Flow  Rate  Low  Wash  12  -  16  m/h 

High  Wash  47  m/h 


Wash  Water/Wash  5.7  -  7.6  rnVin 


3  /„2 
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(j) 


Clearwells 


All  clearwells  are  constructed  of  concrete. 


Clearwells  under  Filters  1-4 
Clearwells  under  Filters  5-12 

Total 


3.6  ML 
3.3  ML 

6.9  ML 


(k) 


High  Lift  Pumping 


All   high   lift  pumps  are  horizontal   centrifugal, 


!   «0.   1     TYPE    1  "SuS" 

1    2   1  Electric   1    27.4 
1    2   1   Electric   1    45.6 
1    1   1  Elec.  or   1 
1       1  Diesel     1    54.5 

Total  Installed   .j   200.5 

Firm  Capacity     |   146 

(I) 


Backwash  Treatment 


Presently,  the  plant  has  no  waste  treatment  facilities.  The  backwash  water  is 
drained  directly  back  to  the  Niagara  River,  approximately  400  to  500  metres 
downstream  of  the  intake. 


(m) 


Sludge  Disposal 


The  settling  tank  sludges  drain  at  least  twice  annually  to  the  Niagara  River. 
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C.3     Chemical  Systems 
(a)     Disinfectant 

Chlorine  is  stored  as  a  liquid  in  0.9  tonne  cylinders. 

Application  points: 

Pre-  In  the  settled  water  conduits,  between  the  settling  tanks  and  the 
filters.  (Section  1  and  Section  2  each  have  a  pre-chlorine  application 
point) . 

Post-    High  lift  pump  suction,  after  the  clearwells. 

Equipment: 

Pre-     1  -  225  kg/d  gas  chlorinator  with  136  kg/d  rotometer 
1  -  225  kg/d  gas  chlorinator  with  34  kg/d  rotometer 

Post-    1  -  225  kg/d  gas  chlorinator  with  34  kg/d  rotometer 
1  -  225  kg/d  gas  chlorinator  with  22  kg/d  rotometer 

The  combined  total  feed  rate  from  the  chlorinators  could  be  226  kg/d,  for  a 
total  dosage  of  1.5  to  3.75  mg/L  for  146  and  60  ML/d  flow  rates,  respectively. 

Common   1  -  scale  with  two  0.9  tonne  cylinders,  one  duty  and 
one  standby. 

The  single  chlorine  cylinder  limits  the  gas  withdrawal,  without  evaporators,  to 
about  435  kg/d,  for  a  total  dosage  of  3  to  7.25  mg/L  for  146  and  60  ML/d  flow 
rates,  respectively. 
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(b)  Coagulant 

Liquid  alum  is  stored  in  one  35,350  L  PVC-lined  wood  stave  tank. 

There  are  two  Wallace  &  Tiernan  metering  pumps.  The  pumps  have  electrical 
stroke  adjustment  for  dosage,  which  is  presently  operated  manually,  and  speed 
control  for  flow  pacing.  One  pump  has  a  capacity  of  9500  L/d  and  the  other, 
4900  L/d.  The  maximum  dosage  capacities  are  22  and  42  mg/L  for  146  ML/d,  and  53 
and  103  mg/L  for  60  ML/d,  for  the  small  and  large  metering  pumps,  respectively. 

The  application  point  is  in  the  raw  water  discharge  header  just  before  the 
in-line  blender.  As  discussed  before,  the  in-line  blender  is  not  being  used. 

(c)  Taste  and  Odour 

Powdered  activated  carbon  is  stored  in  bags.  It  is  loaded  manually  into  a  dry 
feeder.  The  capacity  of  the  feeder  is  785  kg/d.  Thus,  the  maximum  dosages  are 
5.4  to  13  mg/L  for  146  and  60  ML/d  flows,  respectively. 

PAC  is  normally  applied  in  the  channel  between  the  screens  and  the  low  lift 
suction  well.  However,  during  last  season,  the  PAC  solution  line  became  plugged 
and  a  new  application  point  was  installed  into  the  low  lift  suction  well. 

C.4     Photographs 

Following  is  a  series  of  photographs  to  illustrate  major  components  and  chemical 
feed  systems. 
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NIAGARA  FALLS  WATER  TREATMENT  PLANT 


NIAGARA  FALLS  WATER  TREATMENT  PLANT 
LOW  LIFT  PUMPING  STATION  AT  RIGHT 
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MAIN  ENTRANCE  WAY 


TRANSFORMER  STATION  ADJACENT  TO  PLANT 
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NORTH  ELEVATION 


"•^'r^^'^TM  rh  TTJin-'  '  ^-     ■«-> 


TRAVELLING  WATER  SCREENS 
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LOW  LIFT  PUMPING  STATION 


GENERATOR  FOR  LOW  LIFT  PUMPS 
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INSTRUCTIONS  FOR  LOW  LIFT  GENERATOR 


CONTINUOUS  RAW  WATER  TURBIDITY  METER, 
PRE-CHLORINE  LINE  AT  LEFT  (NOT  CURRENTLY  USED) 
PAC  LINE  AT  RIGHT  (NOT  CURRENTLY  USED) 
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CONTINUOUS  RAW  WATER  TURBIDITY  METER 


RAW  WATER  INDICATOR  PANEL 
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PAC  ADDITION  POINT  (BLACK  HOSE  AT  CENTER) 


INLINE  BLENDER  -  (not  used)  -  AT  ALUM  ADDITION  POINT 
ALSO  NOTE  TEMPERATURE  INDICATOR  AT  RIGHT 
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PAC  FEED  HOPPER 


LIQUID  ALUM  STORAGE  TANK 
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ALUM  PUMPS 


ALUM  PUMP  CONTROL 
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ROOF  OVER  FLOG  TANKS  AND  SETTLING  TANKS 


PRECHLORINATOR  SECTION  NO.  2  AT  RIGHT, 
POSTCHLORINATOR  900  mm  DISCHARGE  MAIN  AT  LEFT 


-24- 


PRECHLORINATOR  SECTION  NO.  1  AT  LEFT, 
POSTCHLORINATOR  750  mm  DISCHARGE  AT  RIGHT 


CHLORINE  CYLINDERS 
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WEIGH  SCALE  FOR  CHLORINE  CYLINDERS 


FILTER  GALLERY  -  SECTION  1 
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FILTER  GALLERY  -  SECTION  2 


FILTER  CONTROLS 
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FILTER 


PIPE  GALLERY 
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CARBON  DIOXIDE  SUPPLY  FOR  CHLORINE  RESIDUAL  ANALYZER 


FILTER  EFFLUENT  TURBIDITY  AND 
CHLORINE  RESIDUAL  MONITORING  STATION  (TYPICAL) 
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CLEARWELL  OBSERVATION  PORT 


CLEARWELL  LEVEL  INDICATORS 
(SECTION  2  AT  LEFT.  SECTION  1  AT  RIGHT) 
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WASH  WATER  PUMPS 


WASH  WATER  TANK 


-31- 


WASH  WATER  RATE  CONTROLLER 


WASH  WATER  FLOW  METER 
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HIGH  LIFT  PUMPING  STATION 


POST  CHLORINATION  POINT  -  900  mm  DISCHARGE 
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POST-CHLORINATION  POINT  -  750  mm  DISCHARGE 


OPERATOR'S  CONTROIVINDICATOR  PANEL 
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ALARM  LIGHTS  -  OPERATOR'S  CONTROL  PANEL 


JAR  TEST  APPARATUS 
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SAMPLE  LINES  AND  SINK 


LAB  TURBIDITY  METER  -  HACH  2100A 
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SECTION  D 
PLANT  OPERATION 


SECTION  D 
PLANT  OPERATION 


D.1  Description 

(a)  General 

The  original  1930  plant  has  four  filters,  and  the  1954  expansion  added  another 
eight  filters.  The  filters  and  the  plant  are  divided  into  Section  1  and  Section 
2. 

The  plant  is  in  the  middle  of  a  contract  to  install  a  computerized  plant 
operating  system  that  will  include  a  process  control  system  for  the  plant  and 
distribution  system,  and  on-line  status  reporting.  This  system  is  expected  to 
be  operational  in  1987. 

(b)  Flow  Control 

RAW  MATER 

Each  section  of  the  plant  is  fed  with  raw  water  via  an  individual  modulating  raw 
water  control  valve.  The  two  modulating  raw  water  control  valves  adjust  flow  to 
maintain  settled  water  levels  within  a  narrow  150  mm  band. 

PRE-TREATMENT  AND  SEDIMENTATION 

All  the  flocculation  and  sedimentation  tanks  are  used  all  of  the  time,  except 
during  the  twice  a  year  cleaning  of  the  tanks. 

Region  staff  are  concerned  about  closing  and  opening  the  inlet  isolation  valves 
on  the  flocculation  tanks.  Due  to  the  age  of  these  devices,  a  malfunction  may 
result  in  significant  maintenance  and/or  downtime.  Consequently,  the 
pre-treatment  section  of  the  plant  is  not  operated  as  incremental  sections 
dependent  on  the  flow  rate.  The  implications  of  this  action  are  discussed  in 
Section  E. 
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(b)  Flow  Control  (cont'd) 

FILTRATION 

All  filters  are  not  operated  at  all  times;  there  is  a  rotation  system  used  for 
the  operation  of  the  filters.  The  flow  rate  for  each  filter  is  set  near  the 
maximum.  The  number  of  filters  operated  is  dictated  by  the  clearwell  demand. 

The  maximum  filter  rates  are  individually  set  at  each  filter  table.  The  filter 

rates  are  adjusted  by  a  clearwell  level  override  system.   As  the  on-site 

clearwell  approaches  a  full  condition,  the  clearwell  level  override  system 

causes  the  filter  rates  to  decrease.  Conversely,  a  dropping  water  level  in  the 

clearwell  causes  the  filter  rates  to  increase  up  to  the  set  point  on  the 
individual  filter  rate  setters. 

(c)  Filter  Backwashing 

The  criteria  used  to  initiate  a  filter  backwash  is  time,  headloss,  or 

turbidity.  Filters  are  normally  washed  on  time,  at  the  end  of  a  72-hour  run. 

The  limit  for  headloss  is  2.0  m  and  turbidity  is  1.0  NTU.   A  copy  of  the 

backwashing  procedure  followed  at  the  Niagara  Falls  Plant  is  included  in 
Appendix  B. 

The  low  and  high  wash  rates  of  14  and  47  m/h,  provide  a  bed  expansion  of 
approximately  0%  and  30%,  respectively,  at  15°C.  As  noted  earlier,  the  volume 
of  water  used  during  a  backwash  is  5.7  to  7.6  mVin^.  Our  experience  indicates 
that  a  wash  volume  of  4.0  -  5.0  m^/m^  should  properly  clean  a  filter  bed. 

The  backwash  procedure  located  in  Appendix  B  does  not  indicate  any  time  or 
criteria  for  the  duration  of  the  low  and  high  backwash  rates.  We  believe  the 
backwash  procedure  should  be  investigated  to  determine  the  relative  durations  of 
the  low  and  high  wash  rates  so  as  to  minimize  the  resultant  backwash  water 
volume.  The  backwash  must  continue  to  maintain  the  long  term  cleaning  of  the 
filters. 
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(c)  Filter  Backwashing  (cont'd) 

The  Region  reports  that  each  filter  is  rested  after  a  backwash  for  a  minimum 
period  of  15  -  20  minutes  before  the  filter  is  brought  into  operation.  The 
filters  are  brought  into  operation  in  a  ramp-like  fashion  to  prevent 
considerable  immediate  stress  on  the  filter. 

Each  group  of  filters  is  monitored  by  a  turbidity  station  using  a  Hach  1720B, 
Any  one  of  the  4  double  filters  (8  sample  locations)  in  Section  1  can  be 
monitored  at  the  Section  1  turbidity  station  by  opening  the  appropriate  solenoid 
valve.  A  similar  turbidity  station  serves  the  eight  filters  (8  sample 
locations)  in  Section  2. 

A  new  computer  system  will  monitor  the  filters  in  each  Section  of  the  plant. 
The  computer  system  is  presently  being  installed  and  is  expected  to  be 
operational  in  the  fall  of  1987.  At  present,  this  turbidity  system  is  not  used 
to  monitor  plant  performance. 

Normal  plant  operating  practice  is  to  monitor  the  effluent  turbidity  on  the 
longest  running  filter  in  Section  1  and  Section  2,  respectively,  with  grab 
samples  taken  every  four  hours.  The  turbidity  of  the  samples  is  measured  by  the 
laboratory  turbidimeter. 

(d)  Chemical  Dosage  Control 

Alum  and  chlorine  are  added  year  round,  and  powdered  activated  carbon  is  added 
seasonally  when  required  to  combat  taste  and  odour  problems. 

ALUM 

Dosages  vary  between  5  and  25  mg/L,  with  a  yearly  average  of  9  to  10  mg/L. 
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(d)     Chemical  Dosage  Control  (cont'd) 

Raw  water  quality  changes  are  gradual  and  relatively  small;  therefore,  the 
corresponding  alum  dosage  adjustments  are  also  small.  A  turbidity  profile,  with 
measurements  of  raw,  settled,  filtered,  and  treated  water,  are  taken  and 
recorded  once  every  four  hours.  In  this  way,  a  change  in  raw  water  turbidity 
and  a  corresponding  change  in  settled  water  turbidity  can  be  recognized  and 
dealt  with  by  a  change  in  alum  dosage  before  significant  effects  are  felt  by  the 
filters. 

Jar  tests  are  carried  out  on  an  as-required  basis  but  are  not  needed  as  part  of 

the  daily  operating  routine  since  extensive  experience  has  been  accumulated  on 

how  to  treat  the  water.  If  unusual  treatment  conditions  are  encountered,  a  jar 
test  is  performed  to  assess  chemical  dosages. 

The  alum  metering  pump  stroke  adjustment  for  dosage  is  presently  manually  set, 
and  the  pump  speed  is  flow  paced.  Daily  alum  usage  is  determined  by  measuring 
level  drop  in  the  35,350  L  bulk  storage  tank.  Regional  staff  recognize  that 
measuring  large  storage  tanks  may  not  be  reliable  but  are  confident  of  the 
results  over  a  24  hour  period  since  the  level  ranges  from  about  5  to  15  cm/day. 

CHLORINE 

The  Region  adjusts  the  pre-chlorine  feeds  to  maintain  a  free  chlorine  residual 
of  0.2  mg/1  on  the  effluent  of  the  longest  running  filter.  The  post-chlorine 
dosage  is  adjusted  to  maintain  a  free  chlorine  residual  of  0.25  to  0.35  mg/1 
after  the  high  lift  pumps. 

Pre-  and  post-chlorine  feeds  are  taken  from  the  same  cylinder.  Chlorine 
residuals  are  measured  by  amperometric  titration. 

Free  chlorine  residuals  are  measured  at  two  filter  effluent  locations,  the 
effluents  of  the  longest  running  filter  in  each  of  the  two  sections  of  the 
plant.  The  residuals  are  measured  once  every  four  hours. 
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(d)    Chemical  Dosage  Control  (cont'd) 

The  Region  reports  that  they  apply  a  sufficient  chlorine  dosage  at  the  exit  of 
the  sedimentation  tanks  so  that  it  tends  to  keep  the  filters  clean. 

The  post-chlorination  total  and  free  chlorine  residuals  are  measured  after  the 

high  lift  pumps,  once  every  four  hours.  The  combined  chlorine  is  calculated 

from  these  measured  values.  The  new  computer  system  will  monitor  the  free 

chlorine  residuals  at  all  filters  and  the  total  chlorine  residual  for  the  plant 
effluent. 

Daily  confirmation  of  total  chlorine  used  is  by  weight  loss  from  the  active 
cylinder  every  8  hours.  The  split  between  pre-  and  post-  can  only  be  determined 
by  the  ratio  of  the  set  points. 

POWDERED  ACTIVATED  CARBON 

PAC  is  used  seasonally  to  reduce  taste  and  odour  problems  that  occur  during  July 
and  August.  The  present  system  has  a  capacity  of  785  kg/d.  At"  the  nominal 
capacity  (146  ML/d)  of  the  plant,  this  system  is  capable  of  5.4  mg/L  of  carbon; 
however,  at  the  1986  summer  flows  of  70  ML/d,  the  carbon  system  could  feed  up  to 
11.2  mg/L. 

Over  the  past  three  years,  the  applied  carbon  dosage  has  ranged  between  1  and 
4.6  mg/L,  The  Region  adds  carbon  during  the  four  summer  months  of  June  through 
to  September.  It  seems  that  the  Region  has  had  very  few  taste  and  odour 
problems  for  the  last  two  years. 
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(e) 


Quality  Control  Testing 


The  following  table  lists  pertinent  information  on  the  sample  systems  in  use  at 
the  Niagara  Falls  plant.  All  sample  lines  listed  below  terminate  in  the  plant 
laboratory. 


1    SOURCE 

LENGTH/SIZE 
(m/rm) 

FLOW 
(L/min. ) 

VELOCITY 

(Tl/S) 

TRAVEL  TIME 
(min.) 

Max.  1  Norm. 

Max.  1  Norm. 

Min.  1  Norm. 

1  Raw  Water 
1  (screen  well ) 

62/12.7 

5.6  1  5.6 

0.67  1  0.67 

1.55  1   1.55 

1  Treated 
1  (750  mm) 

32/12.7 

46.2*1  4.3 

6.1   1  0.57 

0.09  1  0.94 

1  Treated 
1  (900  mm) 

(1) 

43/12.7 

43.2*1  No 

1  Flow 

1 
1 

5.7  1  No 
1  Flow 

0.13  1  No 

1   Flow 

1  Settled 
1  (Section 

1) 

14/10.2 

2.6  1  2.6 

0.53  1  0.53 

0.44  1   0.44 

1  Settled 
1  (Section 

2) 

44/10.2 

2.3  1  2.3 

0.46  1   0.46 

1.60  1   1.60 

NOTE:  All  sample  lines  are  stainless  steel.  *  Based  on  Regional  Tests. 

The  sample  flow  rate  for  each  source  was  determined  by  a  time-displacement  test 
carried  out,  firstly,  at  the  normal  flow  rate  in  use,  and  secondly,  by  measuring 
the  flow  rate  after  opening  the  sample  tap  to  obtain  the  maximum  flow.  These 
tests  were  conducted  in  January  1987. 

The  Region  is  aware  of  sedimentation  problems  in  the  post-sedimentation  sampling 
lines,  and  will  attempt  to  improve  the  situation. 

(1)  The  treated  water  sample  line  from  the  900  mm  diameter  high  lift  discharge 
header  was  turned  off  on  the  day  that  the  flow  test  was  done. 


-42- 


(e)  Quality  Control  Testing  (cont'd) 


IN-PLANT  MONITORING 


The  following  table  gives  a  list  of  the  tests  performed  at  the  plant: 


1    TEST 

SAMPLE  POINT 

TESTING 
FREQUENCY 

REPORTING 
FREQUENCY 

TESTING 
INSTRUMENT 

1  CI2  Residual: 

1  Free 
1  Total 

Filter  effluent  of 
longest  running 
filter  in  each 
Section  of  plant  (2' 

High  Lift  Pumps 

1/4 
1/4 

hours 
hours 

1/4  hours 
1/4  hours 

(Cal ibrated 
monthly) 

W  &  T  titrator 

W  &  T  titrator 

1  Turbidity 

Raw  (screen  well) (3) 
Settled  -  measured 
on  each  Section  of 
plant  (3) 

Filter  effluent  of 
longest  running 
filter  in  each 
Section  of  plant 
Finished  (3) 

1/4 

1/4 

1/4 
1/4 

hours 

hours 

hours  . 
hours 

1/4  hours 
1/4  hours 

1/4  hours 
1/4  hours 

HACH  2100A 
(Calibrated 
each  use) 
HACH  2100A 

HACH  2100A 
HACH  2100A 

1  Temperature 

Low  Lift  Discharge 

Once/day 

On ce /day 

Germanow-Simon 
300  mm  insert 
Dial  Thermome- 
ter, 0-50°C. 
(Calibrated 
each  year) 

1  T.O.N. 

Raw 

Settled 

Finished 

Aged  Finished 
(24  hours) 

(1) 
2-3/week 

2-3/week 

2-3/week 

2-3/week 

2-3/week 
2-3/week 
2-3/week 
2-3/week 

5  person  panel 
5  person  panel 
5  person  panel 
5  person  panel 

(1)  T.O.N,  testing  is  usually  carried  out  in  July  and  August  only. 

(2)  Filter  effluent  sample  lines  terminate  at  either  the  Section  1  or 
Section  2  Turbidity  and  Chlorine  Residual  monitoring  station  in  the 
filter  pipe  gallery. 

(3)  Raw,  Settled  Section  1,  Settled  Section  2,  Treated  750  mm  and  Treated 
900  mm  sample  lines  all  terminate  in  the  plant  laboratory. 
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(e)  Quality  Control  Testing  (cont'd) 

In  addition  to  the  above  testing  there  are  several  instruments  in  place  in  the 
Niagara  Falls  plant  which  can  continuously  monitor: 

•  Raw  Water  turbidity 

•  Filter  effluent  turbidity  and  chlorine  residual  (for  the 
filters  in  each  section) 

•  Finished  water  turbidity  and  chlorine  residual  in  the  750  mm 
or  the  900  mm  high  lift  discharge  lines 

It  is  intended  that  these  instruments  be  used  in  the  near  future  for  automated 
data  collection  and  process  control.  To  date,  however,  this  system  is  not  fully 
operational . 

D.2     Operation  and  Process  Concerns 

(a)  In-line  Mixer 

Recent  in-plant  tests  with  a  Streaming  Current  Monitor  (SCM)  indicated  a 
negative  effect  on  floe  development  while  using  the  in-line  mixer.  Although 
other  factors  including  process  considerations  prevailed,  the  end  result  is  that 
the  mixer  has  been  turned  off. 

(b)  Powdered  Activated  Carbon 

The  common  storage  and  feed  room  is  small  and  awkward.  There  is  no  direct 
access  from  the  PAC  storage/feed  room  to  outside  the  building.  For  convenience, 
the  size  and  location  of  the  storage  and  feed  facilities  should  be  reviewed. 

The  feed  system  capacity  is  capable  of  785  kg/d  or  5.4  mg/L  at  a  plant  flow  of 
146  ML/d.  This  small  amount  of  PAC  does  not  allow  plant  staff  much  flexibility 
in  dealing  with  taste  and  odour  events,  although  in  recent  years  the  taste  and 
odour  problems  have  been  minimal. 
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(b)  Powdered  Activated  Carbon  (cont'd) 

When  PAC  is  used,  carbon  carries  through  the  floe  and  settling  tanks  and  into 

the  filters.  At  the  relatively  low  PAC  dosages  in  use  to  date,  this  carry  over 

of  carbon  into  the  filters  has  not  posed  an  operating  problem.  However,  it  is 

felt  that  the  carbon  carry  over  might  pose  a  problem  if  the  carbon  dose  is 
significantly  increased. 

The  permanent  PAC  application  line  to  the  channel  between  the  screens  and  the 
low  lift  well  is  plugged  and  a  temporary  connection  into  the  low  lift  suction 
well  was  used  last  season. 

(c)  Flocculation  Mixing 

The  type  of  mixing  provided  at  the  plant  is  dependent  on  the  flow  rate  to 
control  the  level  of  mixing.  The  present  operating  policy  is  not  to  isolate 
sections  of  the  flocculation  tanks  to  maintain  higher  flow  rates  through  the 
remaining  sections.  The  details  of  this  condition  are  discussed  later  in 
Section  E. 

(d)  Settling  Tank  Leakage 

The  March  1983  MOE  Water  Plant  Study  identified  significant  leakage  from  the 

Section  1  (1930)  settling  tank  clean  out  valves.  It  has  been  reported  that 

leakage  from  these  tanks  has  been  somewhat  reduced  during  other  plant 
modification  projects. 

Waste  treatment  of  settling  tank  sludges  or  filter  backwash  water  is  not 
presently  required  at  the  Niagara  Falls  Water  Treatment  Plant.  If  waste 
treatment  should  become  a  requirement  in  the  future,  the  exact  amount  of  leakage 
from  settling  tanks  and  filters  will  become  more  important. 
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(e)  Settling  Tanks  Short-Circuiting 

Short-circuiting  in  the  settling  tanks  was  identified  in  a  MOE  Water  Plant  Study 
by  R.  Hunsinger,  G.  Martin  and  G.  Luck  dated  March  1983.  Short  circuiting 
always  occurs  in  horizontal  cross  flow  tanks.  The  extent  of  this  short 
circuiting  depends  on  tank  dimensions,  inlet  and  outlet  conditions,  density 
currents  and  overflow  rates.  This  topic  is  considered  in  Section  E. 

For  the  absolute  optimization  of  the  settling  tanks  at  the  Niagara  Falls  WTP, 
the  short-circuiting  may  have  to  be  addressed. 

(f)  Powdered  Activated  Carbon 

The  PAC  feed  system  is  limited  to  5.4  mg/L  at  the  nominal  plant  capacity  of  146 
ML/d;  whereas,  a  1982  report  by  Gore  &  Storrie  showed  that  dosages  of  10-14  mg/L 
were  required  to  eliminate  taste  and  odour  from  the  water.  The  report  further 
recommended,  subject  to  further  investigation,  that  the  PAC  feed  system  be 
upgraded  to  handle  increased  dosages  of  perhaps  as  high  as  40  mg/L;  however,  in 
recent  years,  the  problems  seem  to  have  reduced. 

(g)  Filters 

The  plant  production  rate  is  usually  controlled  by  the  clearwell  level  which  in 
turn  directly  modulates  the  filter  flow  rates.  Thus,  in  essence,  the  filters 
must  follow  the  demand  for  water  from  the  clearwell;  which  are  the  backwash  and 
high  lift  flow  rates.  Variable  filtration  rates  are  stressful  and  can  lead  to 
reduced  performance  in  filter  operation. 

The  number  of  filters  operated  at  any  time  is  also  dictated  by  the  clearwell 
demand.  Given  that  the  filters  have  the  highest  performance  at  the  lowest 
filtration  rates,  this  policy  should  be  reconsidered.  It  should  however  be 
recognized  that  there  are  operational  difficulties  which  arise  in  operating  all 
filters  all  the  time. 
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SECTION  E 
PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


SECTION  E 

PLANT  PERFORMANCE  (PARTICULATE  REMOVAL) 


E.I 


Turbidity  Removal 


(a) 


General 


The  Niagara  Falls  plant  must  deal  with  the  raw  water  quality  conditions  as 
shown: 


Turbidity  (FTU) 

0.45 

-  51 

Colour  (TCU) 

2.5 

-  9.5 

Temperature  (°C) 

0.5 

-  26 

Alkalinity  (mg/L) 

95 

-  105 

Hardness  (mg/L) 

116 

-  132 

PH 

8.1 

-  8.4 

Aluminum  (mg/L) 

0.009 

-  0.380 

Iron  (mg/L) 

0.04 

-  0.34 

Manganese  (mg/L) 

0.009 

Threshold  Odour  (TON) 

0 

-  2 

November,  December,  January  and  February  are  the  months  that  generally 
experience  high  raw  water  turbidities.  The  table  below  shows  the  range  of 
turbidity  conditions  for  the  poor  raw  water  period. 


1   1983  -  1986  1      ^^^   TURBIDITY  (FTU) 

1             1   Max.   1   Min.   1   Avg, 

1  November     1    19   1   0.9   1   4.2 
1  December     I    51   1  2.2       1  13.7 
1  January      I    42   1   2.3   1   8.8 
1  February      I    17   1   1.9   1   4.2 

A  review  of  the  above  table  shows  that  the  average  turbidity  in  December  is  13.7 
FTU  and  that  December  is  the  worst  month  of  the  winter  period. 
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(a) 


General  (cont'd) 


The  remaining  period  of  the  year,  March  through  October,  generally  experiences 
lower  turbidities  as  shown  below: 


1983  -  1986 

RAW 

TURBIDITY 

(FTU) 

Max. 

Min. 

Avg. 

March 

15 

1.3 

2.9 

Apri  1 

14 

0.9 

4.3 

May 

15 

0.8 

3.0 

June 

12.5 

0.7 

1.9 

July 

16 

0.48 

1.4 

August 

8.4 

0.45 

1.35 

September 

1.0 

0.5 

1.6 

October 

14 

0.47 

1.8 

With  the  exception  of  December  and  January,  the  balance  of  the  year  experienced 
average  turbidities  of  less  than  5  FTU. 

A  graph  is  included  in  Appendix  C  as  Figure  1.0  showing  a  Composite  Profile  of 
Raw  Water  Turbidity  Ranges  for  the  1983  -  1986  period. 


(b) 


Plant  Performance 


OVERALL  PLANT  PERFORMANCE 

It  is  usual  to  consider  two  conditions  for  plant  operation,  the  maximum 
hydraulic  flow  rate  and  the  maximum  process  flow  rate.  The  maximum  process 
condition,  from  the  stand  point  of  particulate  removal,  occurs  with  the  highest 
solids  loading  on  the  plant.  The  maximum  flow  and  worst  raw  water  quality  are 
not  coincident  at  this  plant,  as  shown  above.  The  flow  in  any  year  only  varies 
about  3:1,  while  the  raw  water  solids  and  corresponding  solids  generated  within 
the  process  can  vary  about  50:1;  therefore  the  maximum  process  condition 
corresponds  to  the  worst  water  quality  condition. 

The  plant  records  for  treated  water  during  the  poor  raw  period  can  be  summarized 

as  follows: 
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(b) 


Plant  Performance  (cont'd) 


1983  -  1986   1   TREATED  TURBIDITY  (FTU) 

1   Max.   1   Min.   I   Avg. 

November     1   0.95  1   0.06  1   0.22 
December     1   0.70  1   0.10  1   0.27 
January      1   0.88  1   0.11   1   0.26 
February     1   1.3   1   0.09  1   0.30 

Treated  water  records  for  the  remaining  period  of  the  year  are  summarized 
below: 


1   1983  -  1986     TREATED  TURBIDITY  (FTU) 

1             1   Max.   1   Min.   1   Avg. 

1  March        1   0.93  1   0.10  1   0.31 
1  April        1   1.3   1   0.11   1   0.37 
1  May         1   1.6   1   0.09   1   0.34 
1  June         1   0.81   1   0.06  1   0.34 
1  July        1   0.93  1   0.09  1   0.32 
1  August       1   0.64  1   0.10  1   0.28 
1  September     I   0.75  1   0.11   1   0.26 
1  October      I   0.65  1   0.07  I   0.24 

A  graph  is  included  in  Appendix  C  as  Figure  1.1  showing  a  Composite  Performance 
Profile  of  Treated  Water  Turbidity  Ranges  for  the  period  1983  -  1986.  Within 
this  period,  there  were  three  months,  February,  April  and  May,  when  the  treated 
water  turbidities  climbed  above  1.0  FTU.  Actually,  there  were  only  4  days  when 
the  treated  water  turbidity  climbed  above  1.0  FTU.  The  four  events  were: 

Max.  Treated  Turbidity  (FTU) 


23  February  1985 
7  April  1984 

2  May  1984 

3  May  1984 


1.3 
1.3 
1.6 
1.3 
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(b)     Plant  Performance  (cont'd) 

All  events  where  turbidities  exceeded  1.0  FTL)  occurred  after  periods  of  rising 
raw  water  turbidity.  However,  at  other  periods  of  the  year,  such  as  during 
December  when  the  worst  raw  water  conditions  exist,  there  were  no  occasions  when 
the  treated  water  turbidity  rose  above  1.0  FTU. 

ASSESSMENT  OF  OVERALL  PERFORMANCE 

The  turbidity  guideline  in  the  Province  of  Ontario  is  1.0  FTU;  but  clearly  it  is 
important  to  reduce  the  turbidity  to  as  low  a  level  as  is  practical. 

The  historic  records  of  the  plant  have  been  reviewed  as  a  means  to  assess  plant 
performance  under  various  operating  conditions. 

Performance  Profile  Tables  2.1,  2.2,  2.3,  2.4  and  2.5  for  the  months  of  December 
1985,  January  1986,  February  1984,  April  1984  and  May  1984  are  included  in 
Appendix  A.  Performance  Profile  Graphs  are  included  in  Appendix  C  as  Figures 
2.1,  2.2,  2.3,  2.4  and  2.5  for  the  same  months  as  listed  above. 

After  studying  the  specific  events  where  the  turbidities  exceeded  1.0  FTU  as 
discussed  above,  it  appears  that  the  time  lag  involved  in  making  alum  dosage 
adjustments  to  meet  changing  raw  water  conditions  resulted  in  the  increased 
treated  water  turbidities. 


E.2     Treatability  Testing 
(a)     Jar  Testing 

TURBIDITY  REMOVAL 

Treatability  testing  was  carried  out  on  a  raw  water  sample  collected  on  6 
November  1986.  This  raw  water  sample  had  a  turbidity  of  1.2  NTU.  The 
Laboratory  and  Treatability  results  sheets  are  included  in  Appendix  D. 
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(a)     Jar  Testing  (cont'd) 

Alum  was  used  in  the  coagulation/flocculation/sedimentation  testing,  followed  by 
filtration  through  a  1.2  urn  membrane  which,  in  our  experience,  emulates  the 
performance  of  a  dual  media  filter.  The  results  of  the  testing  demonstrate 
that  filtration  down  to  a  turbidity  of  <0.2  NTU  is  achievable  with  an 
appropriate  alum  dosage. 

An  MOE  report  entitled  "Niagara  Falls  -  Water  Treatment  Plant  Study",  dated 
March  1983  by  R.B.  Hunsinger,  G.W.  Martin  and  G.  Luck,  carried  out  laboratory 
tests  with  much  higher  raw  water  turbidity,  and  obtained  filter  effluent 
turbidities  ranging  from  0.15  to  0.17  NTU  with  alum  and  alum  plus  polyelectro- 
lytes.  The  MOE  have  recently  carried  out  tests  which  provide  similar  results. 

It  is  our  opinion  that  additional  testing  should  be  carried  out  by  the  plant 
staff  to  ascertain  the  relative  merits  of  specific  polyelectrolytes  to  reduce 
the  filter  effluent  turbidities.  Clearly,  the  improved  performance  must  be 
gauged  against  the  increased  costs  of  operation. 

ALUMINUM  RESIDUAL 

Aluminum  solubility  in  water  is  a  complex  topic;  but  some  of  the  most 
significant  variables  are  pH,  time  and  temperature.  For  pH  values  greater  than 
6.5,  the  aluminum  residual  increases  directly  with  pH.  Aluminum  residual  is 
inversely  proportional  to  time,  up  to  several  hours,  whereupon  the  solubility 
concentration  remains  fairly  constant.  The  aluminum  residual  is  directly 
related  to  temperature,  but  this  has  a  fairly  minor  impact  over  the  ranges 
encountered  in  natural  waters.  For  times  greater  than  an  hour  and  pH's  greater 
than  about  7.4,  water  will  contain  a  residual  concentration  greater  than  0.1 
mg/L. 

For  the  aluminum  residuals  and  pH  values  found  in  the  waters  at  the  plant,  the 
results  are  consistent  with  general  experimentally  determined  values. 
Therefore,  it  is  not  surprising  to  find  aluminum  concentrations  greater  than  0.1 
mg/L. 
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(a)  Jar  Testing  (cont'd) 

Niagara  Falls'  treated  water  aluminum  residuals  have  sometimes  been  above  the 
guideline  of  0.1  mg/L,  therefore,  jar  tests  were  run  to  check  aluminum  residual. 
In  our  opinion,  the  benefits  associated  with  changing  the  alum  dosage  to  control 
the  aluminum  residual,  over  and  above  those  for  turbidity  control,  is  not 
warranted. 

COAGULANT (S)  DOSAGE 

From  the  test  work  which  has  been  done  by  the  Region  and  ourselves,  the 
appropriate  alum  dosage  to  achieve  an  optimum  filter  effluent  quality  for  the 
raw  water  samples  tested  is  about  10  mg/L. 

(b)  Streaming  Current  Monitor 

It  was  stated  earlier  that,  during  periods  of  rapidly  changing  raw  water 
turbidity,  the  alum  dosage  changes  lagged  changes  in  the  turbidity.  A  streaming 
current  monitor  (SCM)  may  allow  both  a  faster  response  and  the  selection  of  the 
correct  coagulant  dosages. 

E.3     Optimum  Removal  Strategies 

(a)     Flocculation  Mixing  and  Sedimentation 

As  noted  in  previous  sections,  all  the  flocculation  and  sedimentation  tanks  are 
used  at  most  times.  There  exists  a  concern  about  the  possible  malfunctioning  of 
the  isolation  valves  on  the  flocculation  tanks.  Since  the  level  of  mixing  in 
the  flocculation  tanks  is  dictated  by  the  flow  rate,  there  may  be  some  benefits 
obtained  from  isolating  the  pretreatment  sections  of  the  plant.  The  resident 
time  afforded  by  having  all  tanks  operational  is  increased  at  lower  flows;  thus 
the  mixing  system  tends  to  compensate  for  the  reduced  flow  rates.  In  addition, 
the  settling  tank  performance  is  inversely  dependent  on  the  flow  rate; 
therefore,  this  unit  operation  tends  to  also  compensate  for  reduced  mixing 
levels  at  lower  flow  rates  by  becoming  more  efficient.  Clearly,  there  are 
bounds  to  how  low  the  flow  rate  can  be  before  overall  performance  is  effected, 
but  this  should  not  be  experienced  at  this  plant. 
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(a)  Flocculation  Mixing  and  Sedimentation  (cont'd) 

It  is  our  opinion  that  there  is  merit  to  investigating,  on  a  plant  scale,  the 
magnitude  of  improvement  which  would  result  from  maintaining  high  flows  in  the 
flocculation  tanks.  From  an  operational  stand  point,  however,  we  believe  that 
the  performance  improvements  may  only  be  small  and  not  worth  the  efforts  of 
opening  and  closing  valves  to  suit  the  changing  flows.  Therefore,  the  most 
benefit  may  arise  from  a  better  understanding  of  the  plant  unit  operations. 

(b)  Filtration 

The  number  of  filters  and  the  filtration  rates  are  presently  dictated  by  the 
demand  for  clearwell  water.  This  procedure  is  stressful  for  the  filters  since 
any  change  of  flow  rate  can  reduce  filter  removal  performance.  Also,  the  lower 
the  filtration  rate,  the  better  the  removal  performance;  which  can  be  achieved 
by  operating  all  filters  all  the  time.  Therefore,  from  the  standpoint  of 
particulate  removal,  the  ideal  procedure  would  be  to  operate  all  filters  with  a 
constant  flow  rate  to  satisfy  some  long-term  demand.  This  procedure  requires 
that  the  clearwell  level  rise  and  fall  to  offset  the  difference  between 
production  and  demand  flow  rates.  From  an  operational  standpoint,  however,  this 
strategy  should  review  the  benefits  against  the  associated  costs. 

It  is  our  opinion  that  tests  should  be  carried  out  on  plant  scale  to  determine 
the  magnitude  of  improvement  which  would  result  from  maintaining  lower  constant 
flow  rates.  These  results  should  be  assessed  in  light  of  the  operational 
considerations. 
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SECTION  F 
PLANT  PERFORMANCE  (DISINFECTION) 


SECTION  F 

PLANT  PERFORMANCE  (DISINFECTION) 


F.1     Disinfection 

At  the  Niagara  Falls  Water  Treatment  Plant,  disinfection  is  practiced  by 
pre-chlorination  between  the  settling  tanks  and  filters,  and  post-chlorination 
after  the  clearwells.  The  average  total  chlorine  dose  is  about  1.1  mg/L,  with 
pre-chlorination  using  about  70%  of  this  amount.  Data  shown  in  Tables  3.0  and 
3.1  in  Appendix  A  show  that  the  total  monthly  average  chlorine  dosage  ranged 
from  0.75  to  1.85  mg/L. 

The  Region  does  not  routinely  conduct  chlorine  demand  tests  on  the  water.  As 
discussed  earlier,  the  Region  adjusts  the  pre-chlorine  dosage  to  maintain  a  0.2 
mg/L  free  chlorine  residual  in  the  effluent  of  the  longest  running  filter,  and 
adjusts  the  post-chlorine  dosage  to  maintain  a  free  chlorine  residual  of  0.25  to 
0.35  mg/L  in  the  plant  effluent. 

F.2     Disinfection  Efficiency 

Tables  7.0  to  7.3  in  Appendix  A  summarize  the  available  raw  and  treated 
microbiological  data  for  the  Niagara  Falls  plant. 

Fecal  conforms,  as  well  as  total  conforms,  were  found  in  the  raw  water. 

The  data  show  that  the  microbiological  quality  of  the  treated  water  leaving  the 
plant  is  good.  Total  coliforms  were  detected  in  the  treated  water  on  three 
occasions  during  1983  to  1986.  Two  results  showed  one  count  per  100  mL,  and  one 
result  showed  two  counts  per  100  mL.  This  meets  the  Ontario  Drinking  Water 
Objective  of  less  than  five  counts  per  100  mL. 

In  our  opinion,  the  chlorine  feed  system  and  the  operations  policy  for 
disinfection  of  the  water  are  adequate.  A  separate  method  of  weighing  pre-  and 
post-chlorine  feeds  would  be  a  worthwhile  modification,  since  it  would  permit  a 
direct  assessment  of  the  dosages. 
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F.3  Chlorinated  By-Products 

TRIHALOMETHANES 

Trihalomethanes  (THM's)  are  the  most  widely  occurring  organics  found  in  drinking 
water,  and  they  also  appear  at  the  highest  concentrations.  The  principal  source 
of  THM's  in  drinking  water  is  the  chemical  interaction  of  chlorine  added  for 
disinfection,  with  humic  and  fulvic  substances  that  occur  naturally  in  the  raw 
water.  There  is  some  evidence  that  THM's  are  carcinogenic.  The  Ontario 
Drinking  Water  Objectives  for  THM's  is  350  ug/L- 

Based  on  the  data  available  on  THM's  (see  Table  F.l)  for  the  Niagara  Falls  Water 
Treatment  Plant,  the  levels  of  THM's  found  in  treated  water  are  well  under  the 
Ontario  Drinking  Water  Objectives  of  350  pg/L  (0.35  mg/L).  Total  THM  values 
were  determined  by  the  purge  and  trap  method,  which,  for  the  treated  water, 
ranged  from  25  to  50  yg/L,  with  an  average  value  of  35  pg/L.  Therefore,  it  is 
our  opinion  that  little  should  be  done,  at  this  time,  to  assess  methods  of 
reducing  the  THM's  to  lower  levels. 

TOTAL  ORGANIC  HALIDES 

The  terms  of  reference  require  consideration  be  given  to  the  reduction  of 
chlorinated  by-products  in  the  treated  water.  There  was  no  complete  set  of 
information  on  the  total  concentrations  of  all  organohalogen  compounds. 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered  and  possibly  a  surrogate  measurement  should  be  utilized.  Although 
there  is  not  general  agreement  in  the  field  which  surrogate  measurement  should 
be  used,  the  measurement  should  report  the  sum  total  of  all  the  organic  halogen 
compounds. 


-55- 


TABLE  F.I 
Trihalomethane  Data  for  Niagara  Falls  WTP 


JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 


1     1984    1     1985    1     1986    1 

iRlTlRlTlRlTl 

1  Chloroform,  ug/L      1      1      1      1      1      1   14  I 
1  (CHCI3)                1       1       1       1       1       1   12  1 
1                       1      1      1      1      1      1   18  1 
1                       1      1      1      1      1      1   10  1 
I                        1       i       1       1       1       1   17  1 
1                       1      1      1      1      1      1   15  1 
1                       1      1      1      1      1      1   16  1 

1                       1      1      1      1   20  1      1      1 

1  Bromodichloromethane,!      1      1      1      1      1   11  1 
1  ug/L  (CHBrCl2)         1       1       1       1       1       1    9  1 

1                       1      1      1      1      1      1    8  1 
1                       1      1      1      1      1      1   11  1 
1                       1      1      1      1      1      1   10  1 
1                       1      1      1      1      1      1    9  1 

1                       1      1      1      1   14  1      1      1 

1  Chlorodibromomethane, 1      1      1      1      1      1   13  1 
1  ug/L  (CHBr2Cl)        1      1      1      1      1      1   11  1 

1                       1      1      1      1      1      1    7  1 
1                       1      1      1      1      1      1    5  1 
1                       1      1      1      1      1      1    5  1 
1                       1      1      1      1      1      1    5  1 

1                       1      1      1      1   16  1      1      1 

1  Bromoform,  ug/L       1      1      1      1      1      1      1 
1  (CHBr3)               1      1      1      1      1      1      1 

1                       1      1      1      1      1      1    2  1 
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TABLE  F.I  (cont'd.) 


JAN 
FEB 
MAR 
APR 
MAY 
J  UN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

AVG, 

RNG. 


1     1984    1     1985    1     1986 

IRITIRITIRIT 

Total  THM'S,  ug/L     1      1      1      1      1      1   38 

1      1      1      1      1      1   32 
1      1      1      i      1      1   42 
1      1      1      1      1      1   25 
1      1      1      1      1      1   33 
1      1      1      1      1      1   30 
1      1      1      1      1      1   30 

1      1      1      1   50  1      1 

Total  THM's,  ug/L     1       1       1       1       1       1   33 

Total  THM's,  ug/L     1       1       1       1       1       1   25- 

1      1      1      1      1      1   38 

R  =  Raw  water 

T  =  Treated  water 

D  =  Distributed  water 
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SECTION  G 
SHORT  AND  LONG-TERM  MODIFICATIONS 


SECTION  G 

SHORT  AND  LONG-TERM  MODIFICATIONS 


G.l     Description 
(a)     General 

This  section  includes  feasible  short  and  long-term  process  modifications 
required  to  approach  optimum  disinfection  and  particulate  removal.   It  is 
important  to  understand  that  optimization  of  selected  process  steps  may  be  in 
conflict  with  other  aspects  of  the  plant,  such  as  staffing  and  budgeting  costs. 
Estimated  costs  for  each  recommendation  are  also  included. 

The  following  short  and  long-term  recommendations  were  provided,  discussed, 
reviewed,  and  agreed  upon  at  the  plant  site  meeting. 

We  have  assigned  costs  for  each  of  the  recommended  works.  Clearly,  these  costs 
may  be  reduced  if  the  Region  carries  out  the  work. 

G.2     Raw  Water  Flow  Metering 

The  raw  water  flows  of  Sections  1  and  2  are  metered  separately,  but  the  total 
water  flow  is  recorded  on  the  daily  record  sheet. 

It  is  recommended  that  the  Section  1  and  Section  2  raw  water  flows  be  recorded 
separately. 

This  item  could  be  incorporated  into  the  SCADA  system,  which  is  expected  to  be 
operational  in  the  fall  of  1987.  The  cost  for  this  change  should  be  minimal. 

G.3     In-Line  Mixer 

The  existing  in-line  mixer  has  been  shut  off  because  the  Region  carried  out 

tests  with  a  Streaming  Current  Monitor  (SCM)  which  showed  that  the  mixer  was 

detrimental.  According  to  MOE  design  practices,  flash  mixing  is  generally 
considered  to  be  essential  to  the  process. 
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G. 3     In-Line  Mixer  (cont'd) 

Additional  testing  of  the  in-line  mixer  should  be  conducted  to  evaluate  its 
effect  on  floe  formation. 

It  is  recommended  that  detailed  laboratory  and  plant-scale  tests  be  conducted  to 
determine  the  value  of  rapid  mixing  for  the  various  flow  and  water  quality 
conditions  at  this  plant.  The  SCM  should  be  installed  prior  to  this 
investigation  as  it  is  an  integral  part  of  the  evaluation  of  plant  mixing. 

The  effect  of  the  distance  of  travel  to  Section  2  on  floe  formation  and 
stability  should  also  be  examined. 

The  cost  of  the  work  described  here  would  be  $10,000  to  $15,000. 
G.4     Alum  Pump  Calibration 

The  ease  and  accuracy  of  metering  pump  calibration  and  confirmation  of  actual 
set  dosages  is  vital  to  the  optimum  operation  of  a  coagulant  feed  system. 

Tests  should  be  conducted  to  assess  the  changes  in  calibration;  if  it  is  found 
that  the  calibration  changes  quickly,  then  consideration  should  be  given  to  the 
installation  of  graduated  containers  on  the  suction  side  of  each  alum  metering 
pump.  The  pumps  should  be  calibrated  regularly  against  the  stroke  position. 
The  pumps  are  presently  calibrated  every  six  months. 

This  recommendation  should  be  implemented  imnediately  on  the  existing  alum  pumps 
and  should  be  included  with  any  future  coagulant  metering  pump  installation. 
The  cost  to  install  the  graduated  containers  is  about  $300  per  pump. 

G.5     Coagulant  Application  Point 

Alum  is  applied  to  the  common  raw  water  header  before  the  flow  splits  to 
Sections  1  and  2.  To  optimize  the  performance  of  each  Section,  the  alum  feed 
must  be  applied  separately  to  each  section  based  on  their  respective  flows. 


•59- 


G.5     Coagulant  Application  Point  (cont'd) 

It  is  recommended  that  separate  alum  feed  systems  be  installed  for  Section  1  and 
Section  2.  The  merits  of  dilution  of  alum  prior  to  its  injection  into  the  raw 
water  lines  should  be  assessed  on  a  laboratory  scale.  The  degree  of  alum 
dilution  should  be  assessed  to  avoid  clogging  in  the  lines. 

In-line  mixers  would  require  extensive  modifications  and  could  take  some  time  to 
implement  should  they  be  shown  to  have  merit.  The  cost  would  be  $30,000  to 
$60,000. 

If  in-line  mixers  are  not  required,  and  only  alum  pumps  and  piping  need  to  be 
changed,  the  modifications  could  be  implemented  quickly.  The  cost  would  be 
$5,000  to  $10,000. 

G.6     Coagulant  Aids 

Following  the  optimization  of  alum  addition  for  Sections  1  and  2,  the  next  step 
is  the  use  of  various  coagulant  aids. 

The  Region  of  Niagara  has  a  history  of  evaluating  new  coagulants  and  coagulant 
aids.  It  is  recommended  that  the  Region  continue  to  perform  laboratory  studies 
to  pre-screen  the  various  polyelectrolytes  available.  Previous  test  results 
should  be  reviewed,  summarized,  and  catalogued  into  one  document. 

A  plant-scale  pilot  program  should  be  conducted  for  the  various  seasons  of  one 
year  using  the  preferred  polyelectrolytes  as  coagulant  aids. 

The  coagulant  aid  testing  should  be  carried  out  after  decisions  have  been  made 

on  the  alum  feed  split,  streaming  current  monitor,  and  in-line  blenders.  The 

cost  for  equipment  to  carry  out  this  test  work  is  $30,000,  and  the  chemical  cost 
is  $5,000  to  $10,000  for  a  one  year  test. 
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G. 7     Streaming  Current  Monitor  (SCM) 

Accurate  and  timely  adjustments  to  coagulant  feed  rates  are  vital  to  achieve 
optimum  particulate  removal.  The  present  time  lag  between  the  alum  feed 
adjustment  and  the  results  at  the  filter  inlet  is  several  hours.  The  purpose  of 
the  SCM  is  to  permit  a  response  to  changing  raw  water  conditions  in  a  few 
minutes. 

It  is  recommended  that  further  study  be  conducted  on  the  merits  of  SCM's.  If 
this  proves  successful,  install  two  SCM's;  one  for  Section  1  and  one  for  Section 
2,  in  such  a  way  to  allow  sufficient  time  for  mixing  of  coagulants  with  or 
without  in-line  mixers. 

The  installation  of  the  SCM's  should  be  coincident  with  dosing  alum  separately 
for  Sections  1  and  2,  The  cost  would  be  $20,000  to  $30,000. 

G.8     Isolation  of  Flocculation  Tanks 

Since  the  level  of  mixing  in  the  flocculation  tanks  is  proportional  to  the  flow 
rate,  there  may  be  some  benefit  obtained  by  shutting  off  groups  of  flocculation 
tanks.  The  isolation  of  the  flocculation  tanks  also  isolates  the  associated 
settling  tanks.  Presently,  there  is  concern  about  the  possible  malfunctioning 
of  the  isolation  valves  and  freezing  within  the  tanks.  Throttling  is  an 
alternative,  which  would  maintain  low  flows  through  the  sedimentation  tanks  and 
solve  the  problem  of  icing. 

It  is  recommended  that  the  operation  of  the  flocculation  tanks  at  various  flow 
rates  be  compared. 

This  plant-scale  work  should  be  carried  out  during  periods  when  the  overall 
plant  flows  are  lower.  The  cost  of  this  recomnendation  is  minimal. 

Should  maintaining  high  flows  in  the  flocculation  tanks  provide  significant 

performance  improvements,  consideration  should  be  given  to  replacing  manual 

isolation  valves  with  motorized  valves  for  ease  and  reliable  isolation  of 
flocculation  sections. 
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G.9     Flow  Pattern  in  Flocculation  Tanks 

The  present  flocculation  tanks  are  over  and  under  hydraulic  tanks.  Water  enters 
the  bottom  of  the  first  cell,  the  top  of  the  second  cell,  the  bottom  of  the 
third  cell,  etc.  Test  work  at  other  facilities  has  shown  improved  performance 
when  all  cells  have  bottom  entries. 

It  is  recommended  that  the  flocculation  tanks  in  Section  1  be  converted  to 
'bottom'  entry  for  each  cell.  This  conversion  can  be  done  by  using  corner 
baffles. 

This  change  should  be  delayed  until  after  the  split  alum  feed  optimization.  The 
cost  to  retrofit  the  nine  cells  of  the  Section  1  flocculation  tanks  is  $30,000 
to  $50,000. 

G.IO    Settling  Tank  Short-Circuiting 

Tracer  tests  conducted  by  the  MOE  (1983)  demonstrated  short-circuiting  in  the 
settling  tanks.  This  is  prevalent  to  some  degree  in  all  tanks,  but  there  is 
merit  in  assessing  the  benefits  which  would  result  from  reducing  this  condition. 
As  demonstrated  by  the  MOE,  the  importance  of  the  solids  removal  efficiency  of 
the  settling  tank  is  limited  because  of  the  relatively  low  initial  solids 
loadings.  The  most  important  benefit  that  may  arise  could  be  a  better 
understanding  of  this  unit  operation. 

It  is  recommended  that  consideration  be  given  to  a  study  to  evaluate  the 
possibility  of  locating  baffles,  etc.,  in  the  settling  tanks  so  as  to  minimize 
the  short-circuiting  prevalent  in  these  tanks. 

This  work  could  be  carried  out  at  any  time.  The  cost  of  such  a  study  would  be 
$5,000  to  $10,000. 

G.11     Filtration  Rates 

Filtration  rates  are  presently  dictated  by  the  demand  for  clearwell  water.  This 
procedure  causes  changes  of  flow  rate  and  can  reduce  the  filters'  particulate 
removal  capability. 
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G.11     Filtration  Rates  (cont'd) 

It  is  recommended  that  plant  scale  tests  be  carried  out  on  the  filters  to 
determine  the  magnitude  of  improvement  which  would  result  from  maintaining  lower 
constant  filter  flow  rates.  One  aspect  to  be  studied  is  the  lowest  filter  flow 
rate  that  must  be  maintained  for  the  flow  controllers  to  work. 

The  plant  scale  tests  could  commence  immediately  and  should  extend  over  various 

seasons.  The  new  SCADA  system  will  record  the  flow  rates  through  the  filters 

and  will  allow  a  study  on  the  setting  of  filter  rates  to  be  properly  carried 
out. 

The  cost  of  this  work  would  be  minimal  since  the  majority  of  the  data  will  be 
readily  available  to  Region  staff.  An  allowance  of  $5,000  should  be  made  to 
interpret  the  information. 

G.I 2     Filter  Media  Characteristics 

The  characteristics  of  filter  media  can  change  with  time.  Media  can  be  lost 
during  backwashing  and,  in  some  instances,  media  can  escape  through  support 
systems  and  end  up  in  the  clearwell.  The  anthracite  media  actually  breaks  up  by 
mechanical  abrasion  over  a  period  of  time. 

It  is  recommended  that  the  Region  continue  to  carry  out  sieve  analysis  and  grain 
size  characterization  on  each  filter  once  every  five  years.  The  distance  from 
the  filter  walkway  to  the  top  of  the  media  for  each  filter  should  be  measured 
and  recorded  once  every  year.  This  measurement  should  be  carried  out  at  four 
locations  in  each  filter  immediately  after  placing  the  filter  back  on  line 
following  a  backwash.  These  records  become  an  early  warning  of  media  problems. 

The  Region  has  a  documented  program  for  conducting  sieve  analyses,  and  stores 
the  results  on  disk.  This  technology  should  be  transferred  to  other 
municipal ities. 
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G.I 3    Filter  Cleaning 

Our  previous  experience  has  shown  that  a  backwash  water  volume  of  4.0  to  5.0 
m^/m^  of  filter  area  adequately  cleans  a  filter  bed.  The  wash  volume  at  the 
Niagara  Falls  Plant  is  significantly  higher  at  5.7  to  7.6  m^/m^. 

It  is  recommended  that  the  backwash  procedure  be  investigated  to  determine  the 
relative  durations  of  the  low  and  high  wash  rates  to  minimize  the  wash  volume 
and  yet  maintain  the  long  term  cleaning  of  the  filter. 

This  work  could  be  carried  out  any  time.  This  recommendation  should  be  carried 
out  by  Regional  staff. 

G.I 4    Backwash  Water  Records 

The  quantity  of  backwash  water  used  to  wash  each  filter  is  useful  information  to 
record  in  the  plant  records.  This  information  can  assist  in  identifying 
problems  with  a  specific  filter  or  in  identifying  a  gradual  change  with  time  for 
all  filters. 

It  is  recommended  that  the  quantity  of  backwash  water  for  every  filter  wash  be 
recorded. 

G.15     Chlorine  Use  Verification 

Pre-  and  post-chlorine  are  presently  fed  from  the  same  cylinder;  therefore,  it 
is  only  possible  to  verify  the  total  chlorine  use  by  recording  weight  loss  from 
the  single  cylinder. 

It  is  recommended  that  the  Region  install  a  separate  weigh  scale  to  allow 
individual  weighing  of  pre-  and  post-chlorine  feeds. 

This  recommendation  would  cost  about  $5,000  for  the  scale  alone. 
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G  16     Chlorinated  By-Products 

It  is  our  opinion  that  a  broader  measurement  of  chlorinated  by-products  should 
be  considered.  Although  there  is  not  general  agreement  in  the  field  which 
surrogate  measurement  should  be  used,  the  measurement  should  report  the  sum 
total  of  all  the  organic  halogen  compounds. 

It  is  recommended  that  the  Province  of  Ontario  develop  a  surrogate  for 
organics. 

G.17     Record  of  Information 

The  nature,  frequency,  and  arrangement  of  information  recorded  about  plant 

operations  is  vital  to  the  operation  and  management  of  a  water  treatment  plant. 

The  Region,  through  consultation  with  the  staff  and  trial  and  error,  has 
developed  an  excellent  daily  record  system  and  form. 

The  Niagara  Falls  Plant  uses  the  LOTUS  spreadsheet  format  extensively,  and  the 
WPOS  tables,  adapted  to  the  Niagara  Falls  specifics  with  two  plants  operating  in 
one  facility,  could  be  stored  on  this  format.  We  recommend  that  this 
information  be  kept  at  the  plant  and  continuously  updated,  A  particularly 
useful  set  of  operating  data  is  the  Turbidity  Profile  through  the  plant.  These 
records  indicate  the  effects  of  changing  conditions  on  specific  operations 
through  the  process. 

The  Plant's  record  of  information  should  also  include  the  following: 

-  Process  and  piping  diagram  (PAPD)* 

-  Filter  media  characteristics 

-  Drawings 

-  Any  data  to  be  used  in  the  future  for  operation  of  the 
Plant  or  design  purposes. 

*  The  PAPD  is  currently  being  developed  by  Regional  staff,  and  it  is  recommended 
that  it  be  stored  on  a  CADD  system  for  the  ease  of  updating. 
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G.  18     Sample  Line  Flow  Verification 

It  is  recommended  that  the  flow  rates  to  the  various  sample  taps  be  verified  by 
simultaneous  sampling  at  the  source  and  at  the  tap.  The  tests  should  be 
conducted  during  low  and  high  turbidity  periods. 

This  work  could  be  carried  out  any  time.  This  recommendation  should  be  carried 
out  by  Regional  staff. 


-66- 


APPENDIX  A 
TABLES 


a. 


< 


o 
a. 


•a 

C/5 

O 


— i 
m 
< 


m 
9^ 

t3 

> 

44.1   1 
35.9   1 

45.8 
35.8 

1   45.0   1 
37.3 

47.9   1 
38.7   1 

49.1  1 
41.4   1 

77.4  1 

73.6  1 

96.0   1 

95.5  1 

65.7  1 
64.9   1 

58.5   1 
56.3   1 

49.3   1 

45.3  1 

43.2  1 

42.4  1 

• 

i 

31.7 
24.1 
34.2 
34.3 
37.3 
46.2 
52.5 
49.7 
43.8 
39.2 
32.8 
34.6 

• 

X 

41.0 
40.3 
41.0 
45.6 
47.3 
115.8 
129.4) 
91.9 
77.7 
b2.0 
54.3 
45.7 

V 
00 
CJ< 

< 

51.5 
44.5 

48.1 
41.1 

44.4 
38.1 

43.6 
40.5 

46.3 
43.1 

67.9 
61.7 

91. b 
83.1 

85.4 
77.6 

63.2 
59.3 

56.3 
51.7 

46.4 
42.2 

48.1 
43.7 

• 

X 

39.6 
41.1 
31.0 
28.4 
36.0 
45.8 
60.1 
60.4 
53.2 
41.6 
36.6 
33.9 

X 

47.8 
46.2 
42.9 
44.2 
56.6 
91.0 
106.7 
108.8) 
66.7 
61.5 
53.9 
47.1 

IT) 

CO 

C3 

<: 

1            1            1            1            1            1            1            1            1            1            1 

Otr>    1    vco    lOV    I9NCM    ir>»m    imr».    i— «— <    i9»CT>    icmo    imo    icmo    i-mo 

OU-)    lom    ioo«0    lO-^    im^    ICQOO    imvo    i9t-M    icM«n    ivoco    i-Mm    i«ocm 
mv    iinv    ivv    ivxiv    i«om    i«otf)    icor^    ir«»r».    i«om    ilov    imv    ivv 

1                1                1                1                1                1                1                i                1                t                1 

X 

41.5 
43.1 
36.8 
38.4 
44.3 
51.4 
50.3 
49.1 
44.2 
39.6 
37.7 

• 
X 

1 

54.5 
52.2 
50.4 
48.6 
84.6 
85.7 
110.2) 
108.6 
66.0 
53.0 
47.3 
44.8 

VO 
00 
91 

< 

1             1             1             1             1            1            1            1            1            1             1 

V«0    ir««9«    iC09>     ltr>9>    im9>    IVOVO    lOOCM    I9t9«    ICMtO    ItOV    ivom    1    oo 

vocM    iv-M    ivcM    imv    lOOtM    i09«    i9>«o    iv-M    i^m    i-mo    ir>v«o    imoo 

vv    IVV    IVV    IVV    imm    i<om    i«o>o    i«o«o    imu^    imm    ivv    >vv 

1              1              1              1              1              1              1              1              1              1              1 

• 
mm 

X 

39.9 
40.5 
40.2 
42,2 
45.0 
50.0 
46.7 
49.2 
48.4 
46.9 
42.9 
37.8 

X 

< 

X 

46.4 
46.4 
45.5 
51.1 
72.1 
73.7 
115.7) 
84.7 
73.4 
54.4 
51.3 
46.6 

1            1            1            1            1            1            1            1            1            1            1 

QCi—    laet—    lacH-    i   ast—    loet—    loci—    ioch-    loet—    <   an—    loet—    lott—    last— 

1              1               1               1              1              1              1              1              1              1              1 

lU 


o 


<u 


<u 


1/1 

w 

Ol 

(U 

E 


u 

■3 
4-1 
C 
(U 

> 

C 

1/1 

3 

■o 

<U 

1/1 
« 
0/ 


HI 

2 
O 


T  Li_ 


< 


>- 
< 


< 


O 


O 


LU 

o 


0) 

(d 


Q. 
< 

O 

> 
< 

a 


a. 

D 
CO 

z 
O 
o 


a. 
< 

o 

cc 

LU 

Q. 


m 
< 


«/> 


< 
< 


o 


CO 
CO 

68.843               1 

1880                 1 

350                 1 

739                 1 

2.54                1 
1 

a» 

68.843 

1580 

413 

758 

2.08 

vr> 

CO 

at 

69.043 

1596 

546 

758 

2.11 

VO 
CO 
Ot 

68.700 

1684 

550 

738 

2.28 

1   POP.(l) 
1  MAX. 
1  MIN. 
1   AVG. 
1  MD/AD 

0) 


a. 

3 

o 
ot 

a» 

c 

c 
c 

IS 


10 

c 
o 

0) 


>. 

>> 

« 

^ 

o 

"O 

0) 

(U 

Ol 

■o 

« 

•^ 

u 

> 

9» 

o 

> 

u 

<: 

a. 

^ 

>i 

HI 

to 

k 

o 

0) 

s 

E 

3 

<0 

E 

■!-> 

<o 

X 

"O 

IB 

X 

u 

l/t 

II 

u 

f 

o 

h- 

< 

I 


C3 

5» 
< 


vo  ro  *0 
r^  O  vO 


•     •     • 
GO  00  CO 


0) 

en 

IS 


m 
00 
a» 


CO  —  ^ 

CNJ  O  «*1 


o 


X 


i  CO  I 


O  O  kT) 
CM  CM 


< 


CM  CM  O 


m  o  »^ 


m  o>  V 
CO  r^  I/) 


pn  -^  CM 

•    •    • 

CM  O  «O 


IT)  lA  00 

•      •      • 

CM  O  1^ 


<: 


CO  CM  — < 

•        •        • 

O  O  CM 


-H  l«  ^. 
00  r*  ^^ 


< 

< 


o 
a. 


in 

00 


^  »-  r^ 

*     •     • 

V  O  O 


vn 
o 


2 


CM 


r».  o  <*! 

CM  -- 


(3 

< 


r««  CM  CM 


—  O  00 


O  CM 
00  ^ 

e>t  o  ^^  m  ie> 
O  O  00  r<.  O 


> 
GC 
< 

CO 

o 

Ui 

cr 
111 


D 
U 

< 

a. 

d 
oi 

LU 

_j 

CO 

< 


œ 


CM 

m  ^M  tn 

•    •    • 

n  o  •*> 


IT) 

o 


X 

< 


«0 
O  r».  c»> 

•         •         • 

CM  O  CM 

V         CM 


< 


o  o>  O)  0> 
E   E   E   E 


•<-        < 

«a: 
■o    • 

**  —  1/1 
c  <  w 
IS       oe 

»—  u 

3    0)  — 

E  an->  « 
3  «  »—  -«J 
<—  o  •«-  a» 

<  U  u.  X 


o 


u 

3 


i- 
a. 


a.      t— 


p'>  ro  ^h 
IT)  o  f^ 


CM  CO  CM 
00  r^  i/l 


«^  •— I  to 
CM  O  O 


LT) 
O  VO  O 


r^  O  *0 
-M  CM 


vn 

00 


po  V  V 
po  o  f^ 


CM  CT>  ^ 

00  r^  vn 


0«  CM  CM 

•     «     • 
^4  O  in 


o 

CM 


vo  o  tr> 

•    •    • 
00  —  n 


o 
a» 


V  CM  CM 

•  •  • 

^  O  CM 


^  «o  «o 

00  1^  o 


OO  O  P^ 
CM  O  9> 


vn 
o 


O  P^  «o 
r»  ^M  «O 


VO  CM  Ot 

pn  O  — < 


•^  O  vO  V  «O 
•     •     *     •     • 

O  O  r^  f^  O 


CM 

^s.  »-<  r>» 


—  O  O 


o 


i«  «T  a> 

•    •    • 
ot  O  vn 


^ 
w 


O^  O)  o  o> 


—      <: 

c  <  u 
«       œ 

>—  u 

3    0)-— 

E  o)-i->  <a 

3    ifl  ■—   •*-» 

>—   o  -^   O) 
<  <->  VI.  X 


o 


a; 

3 

■a 

u 

a. 
E 

a.      t— 


00  po  vn 

•     •     • 

CM  o  vn 


o  vo  œ 

00  f^  vn 


-^  CM 


-^  o  o 


s 


vo 


f^  O  — < 
CM 


o 


00  ^  00 


CM  O  O 


CM  f*»  P^ 
00  p»-  Pn 


vo 

•  •  • 

^  O  VO 


vn 
o 


no 
V  Oi  V 

•     •     • 

vo  O  f*> 


o 

lO 


o  -^  ^ 


pn  o  o 


CM  r««  00 
CO  r^  O 


o 

V  -^  vn 

•     •     • 

^H   o   O^ 


o 


vn 
o  vn  at 


o  o  — ' 


CM  CM  O 
PO  O  CM 


CO  r». 

CM  O  O  «O  r^ 


O  O  00  r^  O 


vn  — <  O 

•     •     • 


O  Pn 

'-  O 

•  • 

o  o 


vn 
d 


o  vn  vn 

•         •         • 

vn  o  ^ 


O  vn 
00  >o 
po  O  vn 

do  — 


^ 
u 


a: 

< 


O    O^    9^    ^ 

E   E   E   E 


—      «c 

*J  -t-    vn 

C  <X    OI 

i«  a: 

<—  w 

_    3    (L  <— 

E  a>-M  le 
3  «  '—  •<-• 
f—  O  -^  OI 
<  U  Vi-  X 


o 


10 

<v 

o. 

E 

a.      >— 


■o 

a; 

in 

u 

0) 

3 

r— 

in   i/i 

Q. 

-<-    lO 

E 

QJ 

IS 

o;  E 

m 

a> 

<o    l/> 

u 

1/)  •<- 

o; 

o 

4-> 

"o  a: 

IB 

ca.3 

E 

3 

^v       ■ 

• 

<  ><o. 

t/0 

«^» 

3 

•  ta  o 

I-  "O 

OJ 

U 

•M  -O 

o; 

m    a< 

■o 

E  -o 

c 

u 

3 

>>  o 

■W     U 

>( 

—  <u 

-O    1- 

£. 

• 

*^ 

J3 

^  -o 

c 

le 

^  c 

o 

^ 

3    <0 

E 

■«J 

4.1 

u 

t. 

c 

«C  J3 

O 

IB 

o  o 

>b. 

^ 

o  u 

O. 

-H  Q.-a 

CM 

V 

0» 

« 

4.> 

s. 

3=    I. 

m 

4.) 

U    3 

OI 

«Ï  4-> 

4.) 

c 

=  >o 

•^ 

k. 

</1 

IQ     U 

•^ 

</1 

o. 

Q. 

a>  E 

r^ 

IB 

c  <u 

« 

4.) 

1-    4.1 

3 

m 

"O 

OJ 

3    OJ 

•^ 

F— 

c 

1/) 

a. 

</1  -^ 

o; 

U  1— 

u 

Î5 

3    C 

1/1 

o  -^ 

E 

.c 

3 

E 

c 

C 

O 

V  la 

•^ 

V. 

E 

u- 

>»j= 

3 

W   -M 

■o 

u  — 

<. 

0) 

>  i 

c 

0) 

•^ 

•o 

• 

IB 

■o  0» 

U 

4^ 

0)   u 

^ 

o 

U    3 

IQ 

o 

3    v« 

•o 

(/I  ta 

X 

OJ 

te  0) 

u 

V. 

vn 

a£ 

18 

. 

OI 

a;  -^ 

■o 

c 

I. 

IB 

•V 

<e  0) 

o 

4a 

1. 

0£ 

1/1 

«/I    3 

OJ 

U    4.) 

(/» 

4iJ 

•^    "O 

o; 

■!->     U 

u 

Q. 

—    OJ 

V. 

OO 

T3    Q. 

3 

-z 

—   E 

o 

a 

^    OJ 

1/1 

I-  t— 

0> 

■o 

3 

Of 

c 

4.» 

IB 

■ 

• 

i.     1/1 

^ 

(/I 

OJ   w 

<a 

OI 

*•>    3 

1^ 

C 

<e  o 

>«* 

X  Jl 

LU 

■o 

"O  00 

i 

IB 
0> 

01 

u 

^  >» 

0> 

«/«  u 

.c 

>1 

—  o; 

4iJ 

4.J 

c   > 

•^ 

1-  a; 

4.» 

■o 

u- 

<o 

■o 

^ 

•o  a; 

>1 

V. 

C  "O 

3 

<o   i. 

J= 

4>J 

o 

4^ 

3   u 

C 

I. 

<e  01 

o 

o 

at.   i. 

E 

<4- 

i 


OI 

4.» 

o 


o 

01 


C 
O 

o 


00 
< 


•               r^ 

1           «M 

1         m 

^        ...                     ... 

1    -^  V  00                        —  r-v  -< 
t       .     .     .                            ... 

1    n  V  00                            CM  VO  0-) 

m 

<      — •  o  m                    œ  r>.  o» 

1     CM  O  CM                                 00  rs.  ,M 

1    •—  O  CM                          00  r>!  VO 

1        V 

1     CM  V 

CO 

z;       CT»  «M  tfi                              o 

1    o  CM  r>»                                    o 

1             •          •          •                                                                             a 

1     r»»  CM  CM                                                O 

X        o  o  •-«                                    fn 

1    —  O  VO                                               00 

1  O  O  d                           pA 

o 

1        ir> 

1                fVS 

1  MAX 

1   3.5 

1   0.7 

124.8 

1 

1 

1 

1 

1 

1 

113.0 

1 

1  CM  eo  00                             o 
1     .    .    .                               , 

1  a>  o^                              m 

3.4 

0.7: 

16.9 

20.0 

00 

1          00 

1           CM 

o        r^  V  CM                          V  00  Ot 
^           ...                             ... 

1    — •  V  CM                            ^  Ot  ^ 
1        •      •      •                               ... 

1    O*  V  V                            o  P^  00 

1          .        .        .                                            ... 

V 

<          CM  O  -"                                 00  P^  CM 

1    V  O  m                       00  r«.  00 

1  ^^  o  «M                     CO  p^  ir> 

«O 

m 

ot  o  o                              in 

eo 

Z          CM  -N-^                                               JO 
^i*              •       •       .                                                   . 

1  CD  «-^  CM                              \ei 
•    •    •                                 • 

X      — oo                           o 

O  Okn                             5r 

ÔÔ^                              J, 

• 

o 

w^ 

X       o  en  V                              «n 

^                   •        •        •                                                                    * 

•    •    •                                  • 

vnoO  9»                                      <*> 

*           *           *                                                                                        • 

X        V-^  V                                    i« 
—         CM 

lA  >«  CM                                            .iM 

«          CM                                               ^ 

CM  O  O»                                         O» 

.:      _  ^ 

CM 

V 

C3         «O  CM  f>.                            CM  r^  O 
>            ...                               ... 

V  CM  r«.                       (V)  ^  ^M 
•     •     •                          •     .     • 

CM  CM  <*>                              «*>  00  <*> 
...                                  ... 

<        <Ti  O  »»1                          rv  r^  -M 

CM  o  -^                      00  r>>  00 

CM  O  — •                   œ  f^  If) 

if) 

■^ 

___      "^ 

„^ 

m  CM 

CM  V 

CD 

N^                   ...                                                                    « 

00  -^  CM                                m 
...                                 • 

o»  •—  CM                                         O 

...                                                              . 

X        •«  o  10                                    o 

O  O  o»                                         CM 

o  o  o                                m 

m 

m 

X       o  vo  V                              m 

O  i*>  V                              m 

Oifuet                              \ct 

tf              .       .       .                                                   • 
X          V  o  00                                            (M 

rn  o  >«                                CM 

•    •    .                                 • 

O  O  ro                                  r». 

__ 

.^         Vi^                                                 ) 

-^       ««                                >M 

<»>                 m  CM 

13       o  PO  n           o  —  o-i  o»  m    1 
>         ...              .....i 

m  CM  tr>            o  — 4  m  91  V 

— 'CMO»              OOCMOVO 
•     «.                 ..... 

<        morn             O  O  OO  r^ -^    i 

f^ocM           oocot^  a\ 

CM  O  —           O  O  00  00  m 

2S  = 

r      O  —  a»                           lo   1 

-^  OïM                                      o 

m 
"*  «^  m                              o\ 

2  ; 

^                 •        •        •                                                             •      1 

•    •    •                             •  1 

...                                 . 

c      ^  oco                           o  1 

-«  o  o»                              m    1 

—  O  00                                                CM 

•             ir>                                                 ( 

•^                                         1 

VO 

', 

K      00  >n  O»                             tn   1 
2        •    •    •                             •  1 

O  vo^                             tn   1 

...                               «   1 

00  «o  9»                                      rv. 
•     .     .                                         . 

i 

c       0«  o  r<.                                  VI 

V  o  CM                                         VI 

VO  O  VO                                         00 

•^                                         1 

•^         CM                                            ^     1 

.■.4                                                                       ^1^ 

QC  t—                     OCl—aCh-           ! 

œ  h-               PC  h-ae>-        f 

QC  »-               '      ÛC  »—  QC  t— 

_,— ,__,-,_^,— ,__-_ 

— 1  — i  — 1  — i                     1 

.j  .^  _i  -j                     1 

-J  — J  — J  .^ 

^■^"^^^               — *  1 

^V^^^^.                            ^-»     1 

^»>«.  >^->s.                      ,—. 

cr  O)  o>  O)               ;j    1 

O)  01  O)  O)                    (_>     1 

0>  9>  91  0>                      (_) 

E   E   E   S                  o      1 

E  E  e  s             o     1 

E   E   E   S                  o 

^^'~"""^"~^                  "^^  ' 

•—                               ! 

'^                               ! 

^^ 

3                                                          1 

3                                                          1 

a 

t—              "O        »-                            1 

H-                -o         ^                                1 

^            ■^       »— 

u.                •»-         <                                1 

u.               -^         <                              1 

u.              -^        < 

^-.              <                                    <o    , 

^^         <                       «  t 

— '              <                                    0) 

"a    '                kl 

•o      •                       1.1 

^    •               t. 

>»               **—</»                       3    1 

>»              *J  —   «rt                     3    1 

>l                 4.»  ^    l/l                           3 

•<-•                   c  <    V                         4->     1 

4->                     C  <    «                           4.J      1 

4->                       c   <     0)                               4.) 

—            <a      X                10   1 

—            "O       OC                 10    1 

•^            lo       oc                 lO 

■o             —   u                          i.    1 

•o           ^1.                      V.    1 

•o           »—  w                      u 

--           „    3    <U  ^                        «     1 

— -                  3    Oi  '—                         0)     1 

•r-             3  «  >—                  o; 

^       E  a>-b>  «                a.  1 

â       E  o^-i.'  <e                 a.  1 

^       E  o>4.'  iQ                a. 

u            3    lO  —   4.»                           El 

u           3    «o  «—  **                        El 
3        ^    o  —   (U        X         Si 

u        3  <a  >—  *->                 E 

3        >—   o  -^   OJ        X         3}    1 

3       ,—  o  —  0*       X        a 

^—       <  o  u-  X        O.      t—    1 

t—        <  o  u.  X         Q.       t—    1 

1—       <  vj  u.  X        a.      H- 

(X. 

a. 
< 


m 

S) 

a. 


C 
O 
O 


CM 


OQ 
< 

I- 


o  o 

s 

iT)  0>                    cg  r» 

o  «A 

^ 

C3 

CO  rn  a^               Of^VCTi-^ 

00  CM  V                     ir>  O  V 

m  CM  O) 

^  00  ^ 

> 

c*«                                     ••••• 

•           o           •                                                              •           0           • 

•     •     • 

■          e          a 

< 

o  o  00              o  o  00  r^  »*1 

o  o  o                            CO  00  ^ 

—  OCT» 

CO  r».  CM 

m 

CM 

—                                                CM 

CM 

00  >^ 

VT)  PO 

Vf) 

00 

^ 

V  — «  »o                           o 

V  — <  V                                      o 

Vf)  —  O» 

o 

CTi 

•      •      •                                            • 

•           •           • 

X 

o  o  ^                          o 

o  o  *0                                    m 

O  O  00 

CT» 

CNJ 

CM 

KD  m 

CM 

CM 

X 

CM  a>  >o                             o 

00  VO  00                                      o 

00  ^  CM 

o 

S 

•    •    •                               • 

•        •        •                                                              • 

• 

—  o  f^                                    i« 

•^  o  LT)                                                    VO 

CM  o  (^ 

vn 

•—                                                CM 

— <                                                CM 

— < 

CM 

^ 

^ 

o-- 

«T  CM 

O 

If)  ro  O                       «M  f^  -^ 

CT>  V  V                          VO  o  «^ 

O»  fn  CM 

vn  o  ■— 

> 

•          •          o                                                      e          •          • 

•         «          •                                                       •          o          • 

•        •        • 

•     •     • 

< 

--  O  O*                          OO  r».  .^ 

o  o  f^                            00  00  f^ 

o  o  1^ 

00  00  O 

^ 

CNJ 

CM 

CM 

~ 

M 

V  o 

m 

CO 

z 

CD-N  o                                      O 

ir>  CM  VO                              o 

vn  CM  ot 

<3 

a> 

1— * 

•     •     •                                         • 

s           •           •                                                                                        • 

•     •     • 

X 

O  O  r^                                  o» 

o  o  m                                CM 

O  O  tn 

00* 

CM 

• 

O 

^ 

m 

X 

ot  «o  00                           o 

00  -:  ^                                  O 

CO  vn  CD 

O 

«ï 

•        •        •                                                              • 

•                     •                                                                             • 

•         •         • 

• 

X 

ro  o  '-<                                      <^ 

«    3  O                                  w 

O)  O  00 

m 

-N                                                CNJ 

— '                                            CM 

CSJ 

• 

«0 

O» 

VO 

o 

vO  CM  O                       m  00  V 

O'^*0                            OOODCM 

PO  CM  ^ 

ro  CO  00 

> 

•     •     •                          •     •     • 

•      •      •                               •      •      • 

a          •          « 

•        •        • 

^ 

—  O  CM                          00  r«»  O 

-N  O  O                            p».  f^  CM 

—  OCT) 

00  rv.  O 

m 

—                                            CM 

-^                                                CM 

CM 

• 

a> 

O 

vn 

CO 

z 

00  o  in                              CM 

VO  ^  9>                                         V 

CT)  —  PO 

O 

a\ 

•         •         •                                                                    • 

•      •      •                                            • 

•          •          • 

X 

o  o  w                                >** 

O  O  vr>                             — < 

O  O  m 

CT> 

CM 

• 

_ 

O 

m 

X 

o  ^O  PO                                      f^ 

r>>  Vf)  CT<                                       O 

CM  vn  m 

vn 

^ 

•       •       «                                                   • 

•     •     •                                         • 

• 

VO  o  ''^                                         CM 

CM  O  vn                                  m 

CM  O  O 

CNJ 

-M         —                                         CM 

—                                            CM 

CM 

CNJ 

m  O 

m  o 

• 

p*«                  ro  — 

V                   00  -^ 

CM 

o 

»0  CM  00             on^ov 

P^CM-^                0<^^'  —  ^» 

00  CM  CM 

CNj  r^  m 

r» 

•        ••                          ••••• 

•        ••                          •••#• 

•             •             • 

•     •     • 

< 

— lOOO            ooooooo 

CM  o  0«               o  o  00  00  CM 

c>4  O  a» 

GO  00  ^ 

*o 

CM 

CM 

— * 

• 

^^ 

Vf) 

^-< 

00 

3C 

O  «^  ko                             m 

o  "^  <^                                         CM 

CNJ  -^  CNJ 

O 

CT> 

HM 

•    •    •                               • 

•      •      •                                            • 

•       «       • 

• 

X 

M  o  in                              00 

-<  O  (^                                    o 

—  o  vO 

00 

•^ 

CM 

•^ 

iO 

m 

X 

o  m  o                                    vO 

wn  CM                              VO 

or-.— 

O 

< 

•       •       •                                                   • 

•    •    •                                 • 

•         •          • 

• 

X 

«T  o  CM                                  m 

00  o  V                                  r^ 

OO  VO 

f-^ 

-^                                            CM 

-H                                            CM 

r^             «-4 

CM 

oc  )—                œ  e-  oc  t— 

oi  ^                 «  H-  os  t— 

OC  ►—                 as  h- 

as  »— 

-_-_-- 

,  -I..I-I..  -,..1—1. 

.— »— .«-^<«>« 

-i  — 1  — j  — i 

_l  — i  — 1  — 1 

.^  — i  — j  — j 

>««.  ■^.  ■««.  ^^               <— . 

^•^  "^  ^^  ^^                        -*^ 

^^  ^*.  -^  ^^ 

^—^ 

ot  O)  O)  a>              u 

010)0)0»                      «J 

^  O)  O)  O) 

<_) 

e^^s^E^             o^ 

e^e^e^e^            o^ 

E   E   E   E- 

o 

«_">_' %_^«_» 

""^ 

^^ 

^^ 

^^ 

s 

= 

3 

1—            -o       »— 

1—           -o       — 

^               -O         — 

u.           —       < 

Li.                  -^          < 

U.                  —           <t 

«-»              <                                    01 

^-'                 <                                          0* 

^-'         < 

0) 

■o    .                t. 

■O      •                       i- 

•o     • 

t. 

>»                **■.-(/»                        3 

>i                *J  —    en                         3 

>1                    4-1  »-     (/) 

3 

■M            C  <  a>               'kJ 

■!->                 C  <    04                      ■•-> 

«-t             c  <  v 

4-> 

•^            <a      œ                <e 

—            ifl      OC                « 

—            lo       oc 

<o 

■o           .-  w                     t- 

•o             —  i-                        u 

■a           —  i- 

\~ 

•^                3    0<  f—                       0) 

■^                 3    flJ  ^                       0) 

—                  3    0)  — 

<u 

^       E  o>.M  «                a. 

â       E  O)'»'  «                a. 

jQ       E  o)-t.>  <a 

a. 

u       3  <a  —  -M                E 

i.           3    <0  f—  *J                         E 

i~           3    «  —  -t.» 

E 

3         >—    o  -^    0)         Z          0) 

3       -—  O  —  o;       E        o; 

3          —    O  —    « 

Z           OJ 

H-          «c  o  u.  X           o.        H- 

)—       <  (-)  kk.  X        A      *— 

h-       <C  vj  U-  X 

a.      1— 

o 


I*. 

o 


a> 

a. 


C 
O 

u 

o 


CD 

< 


• 

VO 

1           00 

1           CTi 

u 

C>  <NJ  no 

m  O  r>. 

1     VO  — <  CM 

m  CTi  o» 

1     PO  CM  V 

CM  -H  r^ 

> 

•             •             • 

•     •     • 

1         •       •       • 

•        •        • 

1        •      •      * 

< 

^  o  o 

00  00  r<« 

1   ro  o  o 

00  r^  CM 

1    CT»  O  -H 

00  00  r^ 

no 

f— 4 

"^ 

1                          «-4 

*-4 

• 

m 

1  a\  o 

1           ^ 

00 

z 

rv.  ^^  r^ 

o 

F      Ol  — <   O 

O 

1     ^  -^  lO 

o 

o» 

N^ 

•     •     • 

• 

1           •        »        • 

« 

1           •        «        • 

f 

O  Of*» 

in 

1    O  O  r-«. 

0\ 

1   PO  o  o\ 

CM 

• 

ro 

1         ^ 

1          vO 

X 

00  v—< 

o 

1    O  f^  CO 

o 

1    O  vo  V 

o 

i 

•     •     • 

• 

1       •     •     • 

• 

1               •           •           • 

m  o  f^ 

*— * 

1    ^^  o  ^^ 

00 

i     CM  O  VO 

csj 

f-H 

CM 

1      ^H              ^ 

*-4 

1     CM          -H 

•—< 

• 

ro  CM 

O 

O 

55 

W  esi  o 

OO  CO  CO 

1    O  CM  «C 

^  GO  CM 

1     -^  CM  CM 

PO  Oi  o 

> 

•          •          • 

•        •        • 

1               •           •           • 

•           •           • 

•       •       • 

•        •        • 

< 

O  O  00 

00  r^  m 

^  O  GO 

CO  t>v  O 

00  o  at 

00  r^  m 

^ 

■"* 

^^ 

• 

f»»  t»^ 

^ 

00  O  P» 

00 

z 

^o  o> 

i-H 

0>  -^  r»> 

\et 

o 

<y\ 

^^ 

•       •      • 

• 

•     •     • 

• 

•    •    • 

z 

oo«o 

^ 

o  o«o 

VO 

CM  O  r>. 

m 

• 

Ift 

^ 

O 

X 

(V.  «£>-^ 

m 

O  «O  9 

m 

O  r-v  CM 

ID 

< 

•        •        • 

• 

•        •        • 

• 

•     •     • 

z 

«TOO 

rv 

at  o  ot 

tn 

oo  O  esj 

r^ 

i-H 

^^ 

<-H 

'^ 

CM          rt 

_ 

^^ 

• 

ir> 

m 

•^                        ^ 

vO 

CD 

> 

o  tv)  -H 

■        •        • 

*r  CM  o» 

ID  CM  o 

PO  00  VO 

r^  m  vo             CM 

O  — <  r>v  CJt 

< 

f*>  O  CM 

00  r^  in 

^  O  CM 

00  P^  o 

m  O  vo             o 

O  CO  (^  PO 

in 

__^__ ^ 

'^ 

•"< 

-^ 

CM          -M 

^ 

m 

V 

«C 

CO 

z 

o  »^  oo 

IT) 

O-^  — 

ir> 

CM  -H  r^ 

ID 

a\ 

H^ 

•    •    • 

• 

•        •        • 

• 

• 

«— t 

z 

-^  o  w 

-<  o  o» 

r>. 

CM  CS»^ 

o 

• 

v-^ 

ir> 

ir> 

X 

O  ^  CM 

CO 

O  O»  CM 

O 

O  V£>  — 

CO 

1 

»           •           • 

• 

•      •      • 

• 

•          •          • 

^  O  CM 

a> 

CM  o  m 

V 

^  o-^ 

r^ 

-^       m 

'-* 

^^       *^ 

v^ 

m       CM 

m 

«T 

VO  00 

«T 

52 

O»  CM  00 

f*>  ro  •—« 

a»  CM  -4 

^  CM  ir> 

00  po  1*» 

PO  O  VO 

> 

•      •      • 

•     •     • 

•         •         * 

•    •    • 

•      •      • 

< 

PO  O  00 

00  00  I'l 

«T  o  en 

CO  00  o 

CM  O  VO 

CO  00  ^ 

IC 

__ 

"* 

^^ 

'-' 

• 

m 

to 

aa 

00 

Z 

fn^  «T 

CM 

V    O-H 

o 

CO  '^  ID 

ID 

o^ 

^i» 

•         •         • 

• 

•        •        • 

• 

•    •    • 

• 

z 

—  O  VO 

—  O  VD 

r»» 

CM  O  VO 

PO 

• 

^ 

O 

at 

X 

O  ^  CO 

o  i 

O  m  1^ 

m 

O  00  ID 

o 

«t 

•       «       • 

• 

•     •     • 

• 

•        •        • 

£ 

CM  o  o 

00     1 

VO  o  m 

PO 

— <  O  O 

1^ 

•-H            ^H 

*"*    1 

^M             f-H 

--    1 

m       CM 

QÈ  (—                      Qi  t— 

ae.  h- 

QC  t—                cae  t—  oe  »— 

ot  t—                 ce 

t—  CIS  ►— 

.— K^-»«— s^^ 

<— s*-^.-^.—^ 

^— ..— .^-.*— . 

—1  —1  —1  —1 

— 1  — J  — 1  _l 

— J  — J  -J  _j 

^>»>>.^«»^. 

^— s 

•^^  1 

—  — .->»■>«. 

^_^ 

Q»  CT>  O^  CT> 

U     1 

OÏ  CT»  0>  CT> 

(_>    1 

CT>  at  at  at 

(_) 

E   E   E   E 

O       1 

^^^^ 

O       1 

E   E   E   E 

o 

s— '«_^'>_'>_^ 

""^  1 

_^ 

^.^ 

^^ 

3 

= 

5" 

t—            -o       — 

►—                  -O          r— 

t—                "O         >— 

u.                -^         < 

Lu                  —          < 

u.           •<-       <: 

^^          < 

0)     1 

*^                ■< 

a;    1 

— '          «t 

OJ 

■o    • 

U     1 

■o     • 

U     1 

•o     • 

I. 

>,                   4-1  -r-    (/) 

3     1 

>,                *J  -^    (/I 

3     1 

>,                     4->  -^     l/l 

3 

4-»                     C  <     « 

*J     1 

■M                  C  <    OJ 

*■>     1 

4-1                       C   <ï     OJ 

4-> 

—                     lO           0£ 

lO     1 

t-            <o       ac 

«     1 

•»-             la       ae. 

ITS 

•o               >—    I. 

I.     1 

TS               -—    J- 

1.     1 

-o              —   1- 

U 

t:      _  3  (u  — 

<V     1 

1-             3  0;'— 

a>   1 

•^                3    OJ  >— 

OJ 

^           E    D)4^    <0 

Q.    1 

^           E    O»*-»    lO 

O.    1 

^        E  at4->  <a 

a. 

U           3    IB  ^  *J 

E     1 

t-            3    «  >—   -tJ 

E     1 

i-            3    «  >—   4J 

E 

3          «—    O  —    Q» 

3=          OJ     1 

3          ,—    o  •—    0) 

Z          OJ     1 

3         >—    O  •»-    QJ 

I           OJ 

1 

1—          <  <_)  U.  X 

Q.        h-     1 

>—        <  <J  u.  X 

Q.        t—     1 

f—        <  u  u_  z 

Q.        t— 

O 


LU 

a 


o 


O) 

ta 

a. 


CO 

LU 
O 

111 


o 

Q. 

_l 
< 

> 

o 


lU 


D 
O 

I- 

< 

Q. 


«>4 


m 
< 

I- 


< 

a: 

< 

< 


o 

a. 


LUO 

ir)imiOiOir>»ir^iCTiir»^iLOiLnioiOiLOitr>iLn 

a: 
a. 

4-> 
IB 
<U 

METAL  RES.        1 
Al/Fe   (mq/L)      1 

4-* 

X 
0£ 

FILTER    1 
AID        1 

— 1 
E 

COAG.      1 
AID          1 

— 1 

Ol 

E 

COAGULANT    I 
(ALUM)        1 

—J 

1.74 
3.99 
17.81 
[8.32 
[8.70 
[8.32 
[4.47 
[4.41 
14.69 
13.93 
16.37 
13.80 
14.41 
15.18 
14.73 

1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        > 

3 
h- 
Lu 

>- 
t— 

S 

CD 

a: 

4-) 

0.62 
0.60 
0.56 
0.35 
0.56 
0.50 
0.33 
0.24 
0.23 
0.38 
0.38 
0.52 
0.27 
0.53 
0.35 

s. 

0) 

4-> 
Lu 

■u> 

1.45 

2.38 

2.86 

2.66 

2.25 

2.11 

2.10 

2.75 

2.7 

2.73 

2.48 

1.97 

2.4 

2.47 

2.79 

3 
Q£ 

3.10 
35.0 
37.0 
30.0 
18.0 
15.0 
11.0 
22.0 
17.0 
12.0 
12.0 
12.0 
11.0 
12.0 
24.0 

LU 

^^iCMimi^llDlVOir^lOOlOlOI-^ltMI'^lTllD 

o 

0) 

o> 
le 

a. 


C 
O 
U 


CO 
O 

LU 
Û 


03 

< 


• 

û.  .— ~ 

^^ 

LUO 

h-  — 

LDiO^iOiOiOiOlOiOiOiOiOi^lvOliOiLniLT) 

LniCMICSJICMiCMICMICMI.— ll^-HI..^I-.^lOlOlOIOlO 

a. 

. 
4-1 

(S 
(U 

1 

a: 

METAL  RES. 
A1/Fe  (mq/L) 

■M 

te 

(U 

i- 
1— 

3 

FILTER 
AID 

E 

COAG. 
AID 

m 

E 

ÎULANT 
.UM) 

_J 

a»i»Oi^^iooiWiCDiooir^ir^ivOir*»ir>>ir^ir^iiOir-. 

o  ^- 

E 

S" 

t— 

U. 

>- 
1— 

o 

ca 

1— 

. 
■«-> 
fO 
(U 

L. 
1— 

vOivOif~^i^iroioir^i^i*Tiioi»OiOicoi^iir)iro 
ninifnini^i'a'icninimiooicvji^imi^ivoivo 

OlOlOlOlOlOiOIOlOiOiOlOlOIOiOiO 

i- 

4-> 
U. 

tniinipoiioi           ini^Hicoi^^iroicMi^iroiir)ir-»ir^ 

3 

OlOlOlOiOiOiOiOlOlOlOiOlOiOiOiO 

^ivOliOivDi^l-Hit^iOOivOi^ieMl^^i»-<itniOivD 
micoimimimic\ji«Micoimimimiir>i«Ti^ri^ic\j 

LU 

1— 

voir»»iQOia<ioi^^icMiroi^iir>ivoir»~iooia»ioi-- 
-^i-^i— <i^<ic\jifMicMiCMi«MicMicvjieviiCMic\jiroin 

o 


a. 


CO 


LU 


O 

ce 

a. 

< 

> 
O 


ai 


D 
O 

< 

Q. 

es 

lU 

-j 
m 
< 


Of 


1/1 

o 

Q. 


al  --' 

LUO 
h-  ■ — ■ 

LniLniinivOiu^iLnivOiixiiiniLniiDivOiuiiiDiin 
didldidldldididididldldididid 

3: 
a. 

• 
■M 
10 
<U 

U 

1— 

1 

Of 

METAL  RES. 
Al/Fe   (mq/L) 

. 

■M 
(O 

a; 

3 

FILTER   1 
AID 

• 

tu 

«t  Q 
O  — 

— 1 

COAGULANT   1 
(ALUM)        1 

E 

18.59 
22.29 
17.44 
19.13 
20.28 
17.62 
19.82 
18.42 
18.17 
18.34 
18.52 
18.74 
17.58 
17.93 
18.41 

t— 
u. 

>- 
1— 

Q 
CQ 

a: 

=5 
1— 

■M 
<U 

0.76 
0.44 
0.54 
0.36 
0.57 
0.50 
0.30 
0.35 
0.32 
0.26 
0.45 
0.40 
0.34 
0.26 
0.36 

+-> 
1/1 

3.04 
2.79 
3.29 
2.67 
2.66 
2.54 
3.42 
3.08 
2.64 
2.95 
2.75 
2.70 
2.26 
1.82 
1.89 

3 

23.0 
22.0 
22.0 
22.0 
16.0 
25.0 
21.0 
42.0 
32.0 
16.0 
17.0 
17.0 
13.0 
13.0 
15.0 

< 

O 

-^iCNjimi^iixjivoit-^iooiCTiiOi— ^icMimi^iin 

CM 

<t- 

O 

CM 
0) 

o> 
<a 

a. 


C 
O 

_o 

CO 


m 
< 


Q. . 

Z    <_) 

LUO 

1 —  ■ ■ 

OiOiOiOlOlOiOiOiOiOiOiOiOiOiOiO 

a. 

4-1 

a> 

i- 
1— 

METAL  RES. 
Al/Fe  (mq/L) 

. 

■4-> 
(O 

(U 

L. 
1— 

2 

a: 

FILTER 
AID 

E 

COAG. 
AID 

COAGULANT 
(ALUM) 

E 

OOi^i^imtOOlOOi^lCMICMIOIOOiTiTrvOiCTiiOO 

fv,ir^rM-iiiûitf)ivoiLr>iCT»ivoii*viur>iLf)imi^imim 

>■ 
t— 

o 

MM 

CO 

a£ 

=3 

1— 

• 
■M 
«O 
(U 

0.18 
0.29 
0.35 
0.26 
0.39 
0.36 
0.29 
0.21 
0.20 
0.35 
0.33 
0.37 
0.37 
0.16 
0.30 
0.35 

i- 
■M 

U. 

1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        t        1        1        1        1        1        1        1        1        1        1        1        { 
1        1        1        1        1        1        (        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
111(11111111111 
1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

. 
■>-> 
(U 

1/1 

1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

-MioOiOir^iOOiCMioiivOiTi^Hi^iOOi'S'iroiOiCTi 
Oir^i«TiCTii«3iQOicDir-ivOiir>iLniooi^ir-ic>ji<Ti 

(Ml.— ll-Hli— (lOsllCVJI.— il-HI.— II.— Ill— ll—^l.— (1.— (ICMI-^ 
1               1               1               1               1               1               1               1               1               1               1               1               1               1               1 
1               1               1               1               1               1               1               1               1               1               1               1               1               1               1 

2 

1               1               1               1               1               1               t               1               1               1               1               1               1               1               1 
1               1               1               1               1               1               1               1               1               1               1               1               1               1               1 

OiPOiOivoioiLOiOivoiroimiooiooicvii.— iicoim 

OOit^ir^ir^iCTiiCTiiOiooii^ioOivOi^iLOiirjivOivD 

1                  1      .—1      1                  1                  1                  1      ^M       1                  1                  1                  1                  1                  1                  1                  1                  1 

1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 

LU 

1           1           1           1           {           1           1           1           1           1           1           1           1           1           1 

voir^icoiCTiiOi-^icMini«Titr)ivDir^icoiC7»iOi'-< 

--«1.— ii-Hi.— iiCMicMicvjicgicsjicsjitsjicvjiojiCMicnim 

1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 

1           1           1           1           1           1           1           1           1           1           1           1           1           1           1 

o 


0) 

Id 

a. 


< 


CO       o 

CD        3 
LU 


O 
cr 

Q. 

-J 
< 

> 

o 

LU 

ce 


D 
O 

OC 

< 

Q. 

ai 
oi 

m 

—I 
m 
< 


Q.  '-« 

UJO 
1—  ^^ 

OiOiOiOiOiOiOiOiOiOiOiOiOiOiO 
Lr>ivoivOivOivCivOiir>iir)ievjiiDiLoiLnix>ivOivo 

a. 

4-> 

4- 

1 
Of 

METAL  RES.   | 
Al/Fe  (tnq/L)   | 

• 

« 
(U 

1— 

ITS 

0£ 

FILTER  1 
AID   1 

—1 

en 

E 

COAG.   1 
AID    1 

COAGULANT  | 
(ALUM) 

6.43 

7.01 

7.63 

5.24 

6.72 

6.54 

6.30 

6.43 

6.30 

6.34 

6.28 

6.26 

6.48 

11.29 

9.86 

1 — 

Ll- 

>- 

O 

m 

Q£ 

=5 
t— 

. 

■M 
OI 

0.30 
0.46 
0.37 
0.36 
0.34 
0.45 
0.41 
0.44 
0.43 
0.58 
0.48 
0.50 
0.52 
0.72 
0.57 

Lu 

(U 
U1 

2.60 

2.68 

2.68 

2.55 

2.55 

2.52 

2.46 

2.58 

2.5 

2.56 

2.61 

2.68 

3.1 

4.75 

4.15 

•      1          .1           .1           X      \          .1          .1           .1           .1           •!           .1           .|           .|           .1           .|           • 
CSJieMICMICMlCMICVJICVJlCMILDICMlCMICSJimir^IlD 

DATE 

-Hicvjiroi'S-iiDivOii^iQOiCniOi-^itMi'^i^iui 

o 
on 

CL 


C 

O 

00 

•V. 
ffl 

LU 


en 

<N 
lU 

CD 
< 


al  -~- 
Z  <-> 

LUO 

1 —  ■ — ■ 

OiOiOiOiOiOIOiOiOlLOiOiOiOiO 

•      1           •      \           *       \          *      \           *       \           *       \           •!           «1          •!           •!           •!           «1           •!           • 

i,oiLniir)iLf)iir)iuoiLnia^icoi^i^i^"i^ioo 

a. 

*-> 

h- 

CL. 

METAL  RES. 
Al/Fe  (mq/L) 

• 

■M 
Id 

(U 

i- 
1— 

3 
(O 

FILTER 
AID 

—1 
E 

COAG. 
AID 

_i 

Ol 

E 

COAGULANT 
(ALUM) 

Ol 

E 

10.89 
9.68 
13.46 
10.07 
11.25 
9.97 
11.37 
10.63 
8.00 
11.85 
10.93 
11.03 
11.04 
11.56 

=3 
h- 
U. 

>- 
1— 

Q 

m 

Of 

1— 

• 

<u 

1— 

0.60 
0.60 
0.75 
0.48 
0.89 
0.82 
0.63 
0.56 
0.62 
0.57 
0.65 
0.64 
1.00 
0.90 

i- 
<u 

-M 
U. 

1        1        1        1        1        (        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        t        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 
1        1        1        1        1        1        1        1        1        1        i        1        1 

1        1        1        1        1        1        1        1        1        1        f        1        1 
1        1        1        1        1        1        1        1        1        1        1        1        1 

roiCMiroiroir^ir^iTTirr)ioicy>i-^i*ûir»iic\j 
00ivDiirîi«Trrnir-,i^iOivr)ir>.iCTiia)iOi^H 

C\JlCMICSJICMlCMICVIICMICViimi«a"l'3"iniPOIPO 

1           1           t           1           1           1           1           1           1           1           1           1           1 
1           1           1           1           1           1           1           t           1           1           1           1           1 

3 
(X 

1           1           I           1           1           1           1           1           1           1           1           1           1 
1           1           1           1           1           1           1           1           1           1           1           1           1 

CMICOlOl^Olf^ll^lOOlCMIVOllOlOslICTtl^^lir) 

•    1 1 1      .1      .1      .1 

roicMimiCMipniroi<Mi<Miir)iooi*f5i^ir^iir) 

1           1           1           1           1           1           1           1           1           1           1           1           f 
1           1           1           1           1           1           1           1           1           1           1           1           1 

LU 

h- 

1           1           1           1           1           1           1           1           1           1           1           1           1 
1           1           1           1           1           1           1           1           1           1           1           1           1 

— Il^^l.— II.— llC\ilC\JICMlCS4ICSJie\JICSJICMIfMICM 

1           1           1           1           1           1           1           1           1           1           1           1           1 
1           1           1           1           1           1           1           1           1           1           1           1           1 

CM 

>•- 
O 


(U 


CO 

Q. 
< 

LU 


O 

<r 
a. 

-J 
< 

> 
o 

LU 

ce 

LU 


D 
O 

t- 

< 

Q. 

lU 

_1 

m 
< 


< 
ex: 

< 


O 

Q. 


LlJO 

1—  ^— 

0.5 

1.5 

1.5 

1.5 

1.4 

1.5 

1.5 

1.0 

1.0 

1.0 

1.75 

2.0 

2.1 

2.75 

2.75 

• 

lO 
V 

•1 

1 

K 

J 

U 

METAL  RES. 
Al/Fe  (mq/L) 

<u 

1. 
»— 

•  c 

1-  -l 

O 

i- 

0)  • 

>  J 

O) 

c  L 
(U 

.^ 

■M 

cr 

c  J 

3 
Q£ 

FILTER 
AID 

— J 
E 

C3 

^^ 

Ol 

E 

1                1                1                1                1                1                1                1                1                 1                1                1                1                 1 

■a 

n3 
O) 

s- 

o 
1/1 

E 

X 

n 

E 

J 
>. 

(O 

-o 

0)  ^ 

s. 

COAGULANT 
(ALUM) 

-J 
î 

11.40 
12.87 
13.72 
13.19 
11.50 

-d) 
17.71 
20.91 
15.71 

9.34 
12.72 
12.21 
24.40 
13.94 
13.29 

h- 
Ll. 

>- 
h- 

O 

CO 

1— 

■4-> 

rd 

a> 

s. 
(— 

roi^i^i^itf)ia>i<*iitr>ir>-ivO)miooicoia»i«3 

OiOiOiOiOiOi^iOiOiOiOiOiOiOiO 

on  1 
OJ 

■M 

T3  -1 

^  1 
i-  • 

3  J 

■4-> 

T3  -1 
lU 

-M 
« 

i- 

-!-> 

XJ  ^ 
C 
(O  r 

•4 

t. 

(U 
•*— 

u_ 

• 
■M 
(U 
VI 

r^icMivDia^i-^ionievjiniCTiiCMii^icoitvjiPoicn 

.^I^H|,-<I-^I^|^IC\JI— <ICMICMICVJICgitMIC\JIC\J 

3 
Q± 

r^iVOiOOlWIOlOi'^ll^iOOi'— 'ivOlOOlvOir^iCM 

1              1              1              1    <— f     1              1              1              1              1              ;              1              1              1              1 

LU 

h- 

^HftMimi«a-ivnivOir^icoia>iOi'-<ic\4ifni«Tiur) 

-M 
O 

Z 

o 

CVi 

lU 

Q. 


C 

O 

o 


00 

Q. 
< 


m 
< 


Q.  --> 

LUO 

(— 

Oiooiir)(ioiLOiLniLr)it^iLniQOiOiLr)iroiCT>iLO 

a. 

. 
(U 

2 
(0 

METAL  RES. 
Al/Fe  (mg/L) 

• 

la 
a; 

t. 

ai 

FILTER 
AID 

— i 
E 

COAG. 
AID 

— 1 
E 

!       1       1       1       1       1       1       1       1       1       !       !       1       ! 

COAGULANT 
(ALUM) 

1 

en 

E 

OOirv.iPoi^i^Hicoir^it'sjioOi^iuiia^i-^i'^iCO 
OPO»i^^ifMia»i-^iOiCDir^i'^i'-»iCT>ivOiir)iCNj 

1 — 

u. 

>- 
1— 

a 

m 

1— 

■M 
(U 

y— 

0.75 
0.88 
0.75 
0.85 
0.57 
0.56 
0.52 
0.37 
0.65 
0.93 
0.65 
0.65 
0.44 
0.41 
0.54 

<u 

-M 

-4-> 

(U 

2.08 
2.58 
2.65 
2.32 
1.63 
1.89 
1.71 
1.70 
1.62 
2.48 
2.30 
2.31 
2.00 
1.92 
1.81 

5 

-^iCT>iCMiCVIi'— ii'-'i-^i'-^i-^i'— 'lirtirnitMif^it^ 

LU 

t— 

Q 

vDl^^l00lCT>lOl'-^lCMl«^|^|^^)ll0ll^l00lO^lO 

— <!.— tli— ll-^ICMICMICVJlC\4ICMIC\JICMI(\JIC^ItVIIO0 

CVJ 

o 


CT> 

•a 

a. 


< 
a: 

<c 

CO        t^ 

v:    o 
<     ^ 


UJ 

u. 
O 
oc 

-J 

< 

> 
O 

LU 
OC 

Ul 


D 
O 

< 

Q. 

Lfl 
CN 

LU 

—1 
CO 

< 


• 
Q.  >— 

UJO 

1—  »— 

5.0  1 
6.0  1 
6.0  1 
4.5   1 
5.0  1 

5.0  1 
5.5  1 

5.5  1 

6.1  1 

6.2  1 

6.0  1 

7.1  1 

7.6  1 
7.4  1 

11.0 

a. 

•t-> 
« 

1— 

a: 

METAL  RES. 
Al/Fe  (mg/L) 

to 

s- 

in 

U 

o 

-C 
«T 

>i 

i- 

> 

<u 

c 

(U 

4-> 

(/I 

c 

3 

a: 

FILTER 
AID 

1 

E 

COAG.   1 
AID 

—J 
E 

1                 1                1                1                 1                1                1                1                1                1                )                1                1                1 

■a 

(0 

<u 

14- 

o 

on 

E 
3 
E 

X 

(O 

E 
>. 

to 

•a 

<u 

i- 

(O 

ift 

(LI 

■!-> 

y> 

n 
i- 

.1-1 

■o 
tu 

■kJ 

a; 

s- 

4-1 

■a 
c 

lO 

3 
IB 

COAGULANT 
(ALUM) 

— 1 

cn 

E 

5.23 

9.28 

15.36 

22.55 

15.60 

17.46 

17.51 

18.02 

13.26 

17.22 

17.70 

18.04 

19.04 

16.97 

18.36 

u. 

>- 
1— 

o 
a: 

1— 

. 
+J 

i- 
t— 

0.58 
1.60 
1.30 
0.80 
0.75 
0.46 
0.52 
0.64 
0.53 
0.67 
0.85 
0.58 
0.58 
0.65 
0.54 

<u 

U- 

r 

1          1          1          1          1          1          1          1          1          1          1          1          1          1 

t/1 

4.77 
5.82 
3.65 
2.94 
3.54 
2.74 
2.33 
2.21 
2.87 
2.54 
2.51 
1.31 
1.95 
1.91 
1.63 

OiOiOiOiOiOiOicMi-^itniLniLr)iooi"!ri«3- 
f^i^i-Hicniir>i.^ivDiCTiiO<iooivûiooiroimir~« 

UJ 

< 

-Hicsiiroi»Tiir>i^oir>~iooia>iOi'-<iCMiPoi«Tiir) 

(U 

4-> 

o 

o 

CM 
0) 

at 
te 


C 
O 
u 


CO 

> 
< 


œ 
< 


LUO 

OiOiLniuniLOimimiinitoiroia^iCMioif^iLniLn 

00lCT^lQ0l00l00l00l0^lCT^lOl-^lOl•^|'— <iOiOiO 

a. 

4-> 
« 

(U 

s- 
1— 

a: 

METAL  RES. 
Al/Fe  (mq/L) 

. 
<e 

(U 

t— 

3 
<o 

0£ 

FILTER 
AID 

— J 

on 

E 

COAG. 
AID 

— 1 

Ol 

E 

1            1            1            1            J            1            1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1            1            1            1            1            1            1 

iULANT 
.UM) 

j 

r^ir^itoipni^iroi<Mi^i^iroi^iMivOicMi--«i^- 

<  «t 
o  ^• 

E 

S" 

t— 
u. 

>■ 
(— 

a 

CD 

a£ 

=3 
t— 

• 

■M 
« 
0) 

W 
(— 

tr>ivOi^i^ivoivoivoiaoivoiu)iv2itni9i^-i9iir> 

OiOiOiOlOiOiOiOiOiOlOiOiOiOiOiO 

u. 

. 

•I-I 
(U 

niCMimi«TivOivOPLni^iir)i^iCMi-^i--iOif^icvi 

ooi-^tf>»ivoi(*iiooia»icoiooiOiLnivoicMi— «iLDiLO 

.1     .1      .1      .i     .1     .i      .)     «1     .1      .1      .1      .1     .1      .1      *i      * 

LU 

< 

— Hl-Hi-Hl— <ICMl{MfC\jr{MICMlCVJICMItNJIC\lltMirOim 

o 


0) 


o 
a. 


< 

D 
CO 


o 

U 


o 

d 
fn 

UJ 

< 


00 

o 

t— 
«t 

O 
1 

t— 

I/O 

o 
a. 

en 

> 

o>    1                                             a»    1                                              tr 

VI                                                             VI                                                              V 

o   1                                           d   1                                           d 

C 

r~    1                                                   CO    1                                                   oo 

oo    1                                                   f»o    )                                                   ro 

•    1                                                     «1                                                      • 

O    1                                                         O    1                                                          o 

X 

(O 

ID     1                                                                  IT)     1                                                                   IT) 

•        1                                                                                                                 •       1                                                                                                                  • 

O    1                                                         O    1                                                          o 

o 

<C 

Q£ 

O 

= 
(_) 

LkJ 

c 

• 

a- 

•> 

0.88 

0.30 
0.82 

0.29 

0.77 

0.29 

• 

c 
z 

0.73 

0.17 
0.62 

0.17 
0.56 

0.15 

X 

1.22 

0.44 
1.11 

0.52 
1.06 

0.44 

to 
CO 

z 
o 

1— 

•et 
Z 

oi. 

O 

3C 
(_) 

t— 

O 

> 

If)    1                                                   ro    1                                                   m 

VI                                                                  VI                                                                   V 

O    1                                                   d    1                                                   d 

00     1                                                             f^     1                                                              If) 

ro    1                                                oo    1                                                m 

•   1                                                  .1                                                   . 

O    1                                                      O    1                                                      o 

X 

Z 

V     1                                                                       O     1                                                                        CM 

tD     1                                                                  IT)     1                                                                   IT) 

•     1                                                                      .1                                                                      . 

O    1                                                         O    1                                                          o 

z 
o 

— 

z 

0£ 

o 

1 

I 

UJ 

a. 

> 

0.84 

0.29 
0.78 

0.26 
0.75 

0.26 

• 

c 
z 

0.72 

0.16 
0.56 

0.15 
0.63 

0.16 

X 

Z 

1.08 

0.39 
0.90 

0.37 
0.94 

0.35  1 

1  Clp  Demand 
1  Clp  Dosage 

1  Ammonia 

1  SOp 

1  Resld.  Clp  Free 
1  Resid.  Clp  Comb. 
1  Resid.  Clp  Total 

1  Clp  Demand 
1  Clp  Dosage 

1  Ammonia 

1  SOp 

1  Resid.  Clp  Free 
1  Resid.  Clp  Comb. 
1  Resid.  Clp  Total 

1  Clp  Demand 
1  Clp  Dosage 

1  Ammon  i  a 

1  SOp 

1  Resid.  Clp  Free 
Resid.  Clp  Comb.  1 
Resid.  Clp  Total  1 

U) 
« 

•a 
a. 


(O 

3 
C 
C 

le 


"O 

a; 

"O 

u 

c 


3 

o 

lO 

3 

■o 

(/) 


■o 

Oi 

c 


o 

u 

■o 
c 
<c 

OI 


c 
o 


c 


o 


o 

a. 


Oi 

o 


CO 


o 

CM 


C 

O 

_o 

o 
ri 

UJ 

_j 

OQ 
< 


^^  " 

z 

• 

«a-    1 
«s-    1 

^  1 
^  1 

PO 

• 

3  ^ 

> 
et 

o    1 

o    1 

o 

<  ■ 

^_  ^_  — 

■^  ■ 

■^  .^^  .^^  — 



Z 

se. 

C 

PO     1 

«a-    1 
ro    1 

PO 

£ 

O     1 

O     1 

O 

z: 
-) 



_^  ^—  ..^ 

^  ■ 

■^  — ^  — ^  ^— 

■ 

1 — 

X 

tn    1 

ID     1 

m    1 

O 

tn 

o 

Q. 

O     1 

O    1 

O 

00 

■^ 

— 

—  ■^—  -^  ^^ 



.-H 

Z 

• 

CO 

CM                     1 

^4 

VO                 1 
esj               1 

CM 

VO 
CM 

• 

O 

> 
<t 

• 

o 

O                  1 

.-H 

O               1 

1—* 

o 

1— 
< 

_ 



^_  — ^  ^ 

_.  .^_  ....  .^—  -*•  .^— 

-^ 

^m.  .^   —   ^— 



z 

• 

c 

>0 

VO                 1 

o 

CO 

.-H                         1 
«-H                         f 

en 

CSJ 

• 

O 

— 1 

Z 

• 

O 

O                  1 

o 

O                 1 

o 

o 

(_> 

— 

■^  ^—  •^—  -^ 



_    .. 

1 
UJ 

X 

esj 

m               1 

o             1 

"3- 

ro 

• 

a. 

10 

- 

O 

— 

o 

"* 

O 

z 

CT 

T 
^ 

LD 

• 

o 

> 

«a: 

o 

o 

O 

H- 
■< 

_ 

_^ 

^.  ^^  — 

»  -^  .^  ^—  — ^  — ^ 

^— 

—  ■^—  •^—  ^— 

■ 

Z 

ex: 

• 

C 

PO 

PO 

1^ 

PO 

O 

—j 

O 

o 

CD 

3: 

.     

^^  «^  « 

.  ^_   — ^  >_  '^—  ^— 

^— 

^_  -^  —  ^— 

^_  -^  — 

■ 

1 
1— 

X 

S 

CSJ 

• 

o 

Q. 

<o 

o 

O 

o 

U3 

CO 





_  ^_  -^  ^—  ^—  — 

"— 

^— 

^_  ■^—  i— *  .^ 

■^^  ^—  — 



■ 

<n 

Z 

Ol 

a» 

o 

PO 

CM 

1                f-H 

PO 
CNJ 

• 

o 

> 

O 

o 

1          O 

O 

(                ^-4 

O 





^  ^_  .^_  — ^  ——  .^— 

^— 

^_  .^—  .^—   ^ 

.  ^^  ^—.  — 

z 

• 

c 

œ 

<T> 

1                     »— * 
1                     P*^ 

CM 

1         r^ 
1       a\ 

o 

• 

o 
— i 

Z 

• 

o 

• 

O 

1          O 

O 

1         o 

o 



.  ^^  .^^  - 

^  ^^  ^^  — ^  ~—  ^^ 

— 

^_^^  -^  ^ 

-  ^"  ^^  " 



1 

LU 

X 

o- 

1             PO 

1                 r'^ 

O 

1         to 

1             PO 

• 

Q. 

(O 

o 

o 

1                «— * 

o 

1         '-I 

o 

Free  i 
Comb.  1 
Total  1 

.  f— 
o;  ^   iQ 
o;  e  *J 
1-  o  o 
u_  o  1— 

Ol  J3    « 

oj  e  ■<-> 
s-  o  o 

U_  (_)  1— 

TJ     0) 
c    Ol 
(O    (O 
E    </> 

lO 

CSJ  CM  CM 
O  (_)  (_) 

1     -O    0) 
1      c    Ol 
1      fO    lO 
1     E    </i 

lO 

CM  CM  CM 

o  o  o 

1    -o  0^ 

1    c  an 

1      lO    tO 

1    e  ui 
1    oj  o 
1    o  o 

1       CM  CM 
1     O  (_> 

<o 

CM  CM  CM 
O  <_)  t-J 

CM  CM 

C 

■O  T3  -O 

CM          (/I    1/1    U1 
3            Ol    Ol    O) 

•1       q:  Qi  Qi 

1  ^8 

1       Pvj  CM 
1    O  o 

1  Ammoni 
1  S02 

1  Resid. 
1  Resid. 
1  Resid. 

c 
o 

E 

T3  -a  X3 

CM          (/t    l/»    l/l 
3            Ol    O)    OJ 
•>           et   Oi   CJi 

ce 

a. 

< 


o 

m 

a* 
o> 


C 

o 
o^ 

o 

CO 

LU 

— i 

m 
< 

I- 


Oi 

a<   1 

o 

Z 

CT 

^ 

^   1 

ir> 

o 

> 

• 

• 

• 

«I 

o 

o 

o 

f— 

z 

• 

in 

r^ 

VO 

o^ 

C 

m 

n 

m 

o 

• 

• 

• 

z 

O 

o 

O 

3C 

^^ 

"^  ^ii—  -^ 

"■ 

■"  ~~  "^^  "^^  ^~  ■" 

" 

" 

1 

^ 

PO 

en 

T 

oo 

X 

r>» 

IT) 

kO 

O 

lO 

• 

• 

• 

o. 

s 

O 

o 

o 

CO 

^~ 

"^ 

^_  ^^  .^—  ^ 

.  .^_  ..»—  — 

"■  """   "^^   ^~  ^~  ^ 

CTi 

• 

o 

«M 

VO 

T 

CSl 

^ 

z 

CT 

Lf) 

CSJ 

^ 

CVJ 

fn 

CM 

o 

> 

• 

• 

• 

• 

• 

• 

< 

^-4 

o 

^H 

o 

f-H 

o 

1— 

<t 

^— 

^_  ^_  _  .^ 

.  ^—  ^»  i« 

—  — ^  ^—  -^ 

■  ■^—  '^—  — 

—  — ^  ——  ^—  ^—  — 

_  '^—  —  — 

.  ^—  .^—  — 

~  —  — —  —  ■^—  ■^— 

»-^ 

• 

o* 

a\ 

«—4 

O 

95 

*-H 

cr: 

c 

^^ 

o 

o 

^^ 

o 

^-* 

O 

*^ 

• 

• 

• 

• 

• 

• 

—J 

z 

(-^ 

o 

t-^ 

o 

•— • 

o 

^^ 

^■K  ^^  ^^  ^— 

"  "^  "^^  ~ 

_  .^_   -m.^   .^ 

I 

LU 

, 

^ 

m 

cn 

r^ 

i£) 

en 

Q£ 

X 

a\ 

en 

œ 

rn 

ir> 

T 

O. 

« 

• 

9 

• 

* 

• 

• 

z 

'^ 

o 

»— # 

o 

^H 

o 

• 

n 

00 

o 

Z 

CT 

«T 

^ 

IT) 

o 

> 

• 

• 

• 

<£ 

O 

o 

o 

»— 

""* 

— ~ 

-  -^  _  — 

■"  '^~  ^~  ~~ 

~  ^^  ""^  ■" 

^  *^*  ^^  ^^  ^^  ■" 

""  ^"^  ^^  ^ 

^ 

VC 

m 

t-H 

en. 

C 

PO 

T 

^ 

o 

• 

• 

• 

1 

Z 

o 

O 

o 

^~ 

"^  •^—  ^—  ■^ 

-  — _  ^—.  — 

1 
1 — 

• 

,^ 

ir> 

.^ 

oo 

X 

m 

IT) 

VO 

o 

« 

• 

• 

• 

o. 

Z 

o 

o 

o 

v£3 
CO 

^^ 

^^ 

^^  ^^  ^^  ^— 

■  ^~  ■^~"  — 

_  -_  -^  _ 

CT> 

, 

LO 

r>* 

^-< 

a> 

«3- 

VO 

^ 

CT 

'T 

^4 

vO 

OO 

esi 

o 

> 

• 

• 

• 

• 

• 

<C 

r-^ 

o 

^^ 

o 

'—I 

o 

h- 
<C 
Z 

^~ 

■^  — —  ■^—  ^ 

"  ^^  "^^  — 

• 

a> 

r«» 

^ 

a» 

r^ 

CVJ 

a: 

c 

o 

O 

oo 

o 

O 

»— 1 

o 

•^ 

* 

• 

• 

• 

• 

• 

1 

s 

*-H 

O 

«-H 

o 

*— ( 

o 

= 

o 

— 

»-..^__ 

■  """ 

^  — ^  ■^—  ^—  ■^—  ™ 

"  ^^  ■^—  — 

"  ^—  ■—  — 

_  .^—  .^—  .^—  -^^  « 

"*  ■^^  ^^  -^ 

~  -^—  ^^  — 

■^  '  ■     "^^  "^  ^~"  ^^ 

1 
LU 

• 

^ 

CVJ 

C\J 

CSJ 

r^ 

r^ 

O^ 

X 

GO 

ro 

o 

m 

f^ 

m 

a. 

ta 

• 

• 

• 

• 

• 

s 

»-H 

o 

CVJ 

o 

-— ■- 

^^ 

o 

-— — 

Ol  O    (O 

OI  J3    « 

OI  ^    (O 

oi   E  -!-> 

OI    E  -!-> 

OI    E  *-> 

s-  o  o 

s-  o  o 

i-   o   o 

U_  <_)  (— 

Li_  O  t— 

U-   (_J  H— 

"o  a> 

C\J  CVJ  CVJ 

-a  0) 

CVJ  CVJ  CVJ 

1   -a  0) 

CVJ   CM  CVJ 

C    CT 

C    CT 

^    ^    r^ 

1      C    CT> 

r—    r—    ^ 

to  tc 

(_)!_>  O 

(O  <a 

<_)  o  o 

1     <a    n3 

C_>   (_>  O 

E    »/i 

fT3 

E    i/i 

« 

1     E   i/) 

« 

<u  o 

.«— 

•       •       • 

(U    O 

•^ 

•       •       • 

1     OI   o 

•^ 

•       •       • 

Q  Q 

C 

■O  -O  T3 

Q  Q 

c 

X)  -O  T3 

1    Q  Q 

c 

-o  -a  -o 

Q 

••■*      *^      *^ 

o 

>r—    «^    '^ 

Q 

•^    •^»    -f^ 

C\J   CSJ 

g 

cvg         ca    t/t    to 

CVJ  <Nl 

E 

CSJ            */)     t/>     t/1 

(Ni  CVJ 

E 

CSj          i/y    i/i    i/i 

^>    r^ 

E       o        (u  oj  oi 

1     ^  ^ 

E       o        tu  oi  <u 

1     ^   ^ 

E       o        0)  0)  o; 

O   O 

<       I/O       Qi  Qi  q: 

1    o  o 

<           1/1           Qi  Qi   Q£ 

1    c_)  <_> 

<ï       oo       ex  cr  Qi 

o 

O) 


c 
o 

o 
ci 

LU 

-i 

03 
< 


. 

œ 

œ 

00 

3C 

Ol 

^ 

'T 

^r 

o 

> 

• 

• 

•— < 

<c 

o 

o 

o 

t— 

»— 4 

« 

Ol 

p^ 

LD 

o: 

c 

m 

m 

m 

O 

•f— 

• 

• 

• 

—J 
1 

z 

o 

o 

o 

• 

ID 

CO 

«g- 

I/O 

X 

VO 

VO 

^ 

o 

« 

■ 

• 

a. 

Z 

o 

o 

d 

ID 
00 

• 

oo 

ID 

en 

to 

CO 

«— ) 

z 

CTl 

CM 

CM 

1— 1 

CM 

a> 

CO 

o 

> 

• 

• 

• 

• 

• 

1— « 

z 

< 

1—» 

o 

t— » 

o 

d 

o 



*«« 

• 

r». 

CM 

CM 

T 

CM 

^ 

Of 

c 

O» 

•-< 

a> 

^H 

t^ 

t— 1 

o 

•r— 

• 

• 

• 

• 

—J 

s 

d 

O 

d 

o 

o 

o 

<_) 

1 

LU 

• 

m 

r>~ 

m 

, 

00 

VO 

en 

X 

m 

CO 

T 

^ 

CM 

ID 

Q. 

<a 

• 

• 

• 

• 

• 

Z 

w—4 

o 

«—4 

o 

*— t 

o 

• 

VO 

CM 

CO 

z 

CJ 

^ 

VD 

ID 

o 

> 

• 

• 

• 

< 

o 

o 

o 

t— 

< 
z 

•-^ 

• 

o 

CM 

cri 

a: 

c 

^ 

T 

CM 

o 

•f— 

• 

• 

3: 

z 

o 

O 

d 

1 
1— 

• 

VO 

CO 

ID 

oo 

X 

ID 

VO 

CO 

o 

<a 

• 

• 

VO 
CO 
C7^ 

Q. 

z: 

o 

O 

d 

«— 1 

• 

m 

Ol 

.-H 

«a- 

ID 

r^ 

z 

Ol 

CM 

t—l 

CM 

CM 

a» 

m 

o 

> 

• 

• 

• 

• 

* 

t— 

<c 

*-H 

o 

-^ 

o 

d 

o 

^4. 

z 

"-I 

« 

GO 

t-4 

^4 

o 

CO 

Q£ 

c 

O 

•^ 

O 

r—* 

f^ 

CM 

O 

'f— 

• 

• 

• 

• 

• 

_l 

z 

.—1 

o 

«— ( 

o 

o 

o 

1 

• 

CO 

V 

VO 

00 

at 

— 

a: 

X 

n 

m 

CO 

VO 

«-H 

ID 

a. 

lO 

• 

• 

• 

• 

• 

• 

z 

^^ 

o 

f-H 

o 

*— * 

o 

-— - 

-— - 

(U  X3  <e 

01  ^  <o 

0)  A"^ 

(u  e  *j 

(u  e  ■>-> 

Ol    E  -M 

J-  o  o 

t.  o  o 

S-    O    O 

u.  o  >— 

u.  <_>  1— 

U_  (_)  ►— 

-O    0) 

CM  CM  CM 

-O    0) 

CM  CM  CM 

■O    01 

CM  CM  CM 

C    Dl 

r—   r^  t— 

C    Ol 

C    CT) 

f^  ^  ^ 

IB    «3 

«_)  o  o 

«0    10 

<_)<_>  C_) 

rO    « 

<_J  O  <_J 

E    </i 

rO 

e  v/> 

lO 

E    irt 

« 

(1)    O 

•^ 

•        »        • 

(U   o 

•r— 

•       •       • 

(U    O 

•^- 

■             •             • 

o  o 

C 

T3  -O   T3 

Q  a 

c 

-O  T3  -O 

O  Q 

C 

"O  -a  -o 

o 

•r—    -^    «^ 

Q 

•1^  1^'  •f~' 

Q 

•f—    'f—    -1^ 

CM  CM 

£ 

■Vl         1/)    to    CO 

CM  CM 

g 

■Vi           (/)(/)    1/1 

CM  CM 

g 

"Sj            U^     U1     t/1 

^  ^ 

^    £ 

D          (U    (U    <U     1 

1^  f^ 

E       o        01  a>  (u 

E          O           <U    01    OJ 

1 

(_>  «_) 

0       C3£  Q£  cz: 

tJ  o 

<       on       q:  (X  Qi 

t_)  t_> 

«5       1/1       en  oc:  en 

o 


o 


UJ 

o 


o 

m 

a» 
w 

10 


C 

o 
o_ 

o 
m 

LU 

m 
< 


■o 

t/1 

c 

01 

4-> 

E            «3 

u 

01 

01 

o 

« 

lA 

f 

i~    0)    V 

*J 

>*-  oi  u 

</( 

o 

«  a. 

p— 

3 

4-> 

c   </1 

10 

4.1 

10 

V  o  u 

3 

^  -o  o 

■O 

0^ 

•O 

<e       u- 

f 

OJ 

*J    0) 

1/^ 

H- 

u 

£  i/> 

0> 

3 

to  H-  .M 

l. 

(/1 

•f-          C 

• 

«O 

•^ 

o;  CM 

ë 

01     •  o 

01 

c  -o  a. 

i- 

C 

• 

■^    (U 

u- 

o 

OJ 

l/l 

i.  c  -M 

•^ 

^ 

f— 

o   -r-     (U 

01 

4-> 

^ 

f 

u 

« 

f^ 

t— 

01 

4-1 

«0 

u  o;  u 

00 

3 

■>->  f 

(/1 

■O 

■»->   0»  t— 

• 

■o 

•^ 

«rt  -o 

c 

c 

f 

l/l 

o 

o 

<0 

4-> 

OJ 

a.  0)    • 

t- 

A  1. 

4-> 

»-4 

C 

-a        ai 

<o 

OJ 

c    .1-1    4-1 

i- 

c 

c 

<o  o  « 

4-> 

o 

•o 

c  3 

•^ 

OJ 

u 

u  c 

4^ 

4-> 

>1 

o 

u  <o  OJ 

o 

IS 

a.  u  £ 

U 

0) 

^ 

f 

4-> 

•^ 

OO 

o. 

u 

OJ    1/1 

l. 

*rt 

i/i    (U   o 

4-1 

c 

•r- 

4-> 

3    W*J 

o; 

•r- 

T3 

(/» 

«    « 

§ 

o 

U    i<^  -O 

k 

18 

Q. 

oj  o  o; 

u. 

01 

4-> 

ao  -o  -^ 

0) 

4-> 

10 

^ 

o. 

^— 

•o 

• 

01  a. 

E 

•^- 

tA 

•  c  a. 

< 

<*- 

^ 

È 

l/l  —    lO 

« 

u  u 

>. 

01  3 

3 

3    O    01 

^ 

C 

■o 

a. 

o  >—    O) 

•^ 

•^ 

£  .c  le 

1/1 

C 

W1 

4-> 

(j  </i 

1. 

c 

OJ 

U- 

CD         o 

3 

3 

>. 

••" 

■M  -o 

O 

1. 

^~ 

>.  lo 

f 

OJ 

u  o  tvj 

4-1 

o; 

f 

ai  n.-^ 

T 

U1 

u 

Ol 

>       o 

OJ 

14- 

•^ 

0)  -o 

>. 

O» 

f 

c  '- 

l. 

c 

Ol 

•o   «   « 

OJ 

o 

£ 

OJ 

u             4-> 

> 

f^ 

4-> 

f 

^    V    O 

OJ 

4-J 

u    L.   4-> 

OJ 

OJ 

OJ  a. 

■o 

£ 

> 

OJ 

J=           V 

Q) 

4^ 

•^ 

u 

u  •—  ^ 

i~ 

o» 

o 

<a  -kJ 

3 

<t- 

t4- 

W    3 

1/1 

o 

o 

OJ 

O  -O   tfl 

• 

<e 

4i^ 

^ 

■o 

0) 

l/l 

• 

4->     > 

0) 

E  4J  T3 

■o   OJ 

QJ  —    0)  -o 

c 

OJ 

OJ  e» 

(/)  -g  -- 

l. 

OJ 

OJ 

a» 

•r-     i. 

o 

u 

3 

le 

<—    (0 

ai  •»-  lo 

u 

le 

u 

Q.f 

u             4-> 

a» 

U- 

o; 

a.  u 

<o     • 

u 

(/i 

>*- 

> 

(0    lO 

u    </) 

r^ 

OJ 

10 

01  a;  -^ 

u 

>o 

l/>  T3 

o;  -o  £ 

u 

3 

OJ 

OJ 

a>  c  *J 

•e 

-O 

£ 

u 

a. 

ro  — 

^^^ 

*>> 

OJ 

01  e 

1/1  —   c 

(/) 

■     lA 

X 

c    3 

o    >i  — 

o> 

ai 

C 

—    Q. 

■o  u 

CT) 

i. 

o 

</1 

U 

T3 

ro 

u 

o    4-> 

01    OJ    01 
c   g    >, 

trt 

01 

■o 

OJ 

>—    «4- 

o 

c 

OJ 

^ 

£    •" 

•f-    <0    lO  -^ 

•^ 

u 

E 

U  >— 

i.  IM  •— 

i~ 

3 

3 

o           Q.*J 

o 

</l 

C 

4->    J= 

1—   o;   i/i 

1/1 

"0 

1/1    O) 

£  £  — 

O 

£ 

g 

<*- 

o  — 

(_)■»->  -o 

a. 

u 

o 

Q.  f 

o 


ai 

<a 
Cl. 


•a: 
<: 


o 

a. 


< 


00 


u 

LU 


Ç2 

û 

cri 

UJ 

_i 
m 
< 


, 

CM 

CTi 

r^ 

z 

CT 

*T 

m 

m 

o 

> 

■ 

• 

^ 

< 

O 

o 

d 

< 



,^  _ 

___  ____ 

1 

•— » 

• 

C^ 

UT) 

m 

Q^ 

c 

m 

rn 

m 

O 

— J 

X 

O 

d 

d 

1 

• 

fn 

m 

vO 

O 

CO 

tn 

^ 

«3- 

n 

a. 

z 

d 

d 

d 

œ 

—  —  ^—  —^  .^_  — 

—  — — ^— .  ^_ ._ 

•— t 

• 

cr 

t— ( 

00 

o 

i£> 

r** 

z 
o 

ai 

> 

CD 

t-H 

• 

i— 1 

1         r^ 

O 

^ 

«t 

d 

d 

o 

d 

d 

d 

z 

•-^ 

• 

f-^ 

r>» 

m 

00 

m 

a: 
o 

c 

v£> 

Ln 

(C 

O 

in 

o 

— 1 

IE 

d 

d 

d 

d 

d 

o 

1 

LkJ 

, 

œ 

r». 

^ 

kO 

m 

«-H 

a: 

a. 

X 

CO 

'^ 

r>^ 

t-H 

m 

Oi 

t— 1 

z 

'^ 

d 

•-H 

d 

d 

d 

O 

cr 

> 

tf) 

00 

^— 

<: 

d 

d 

d 

«t 

»-iH 

• 

CM 

n 

CM 

O 

JX 

^ 

ro 

^ 

1 

£ 

d 

d 

d 

1 

, 

00 

^ 

r^ 

to 

o 

lO 

1/1 

IT) 

m 

«r 

Q. 

z 

d 

d 

d 

00 

0^ 

^_ 



—  ~—  —  — 

_  ^___  __  _ 

^  ^^  ^^  — ^  ^^  — ^  ^— 

•— * 

• 

r^ 

lO 

^ 

00 

in 

CM 

Z 

o 

cr 
> 

00 

CM 

• 

O 

• 

CM 

o 

t— 

<: 

d 

O 

.-H 

d 

t-H 

d 

*— • 

■ 

LO 

r>^ 

00 

o 

VO 

o 

O 

c 

O 

O 

• 

t^ 

00 

— 1 
Z 

'£ 

d 

O 

d 

d 

d 

d 

1 

LU 

, 

,^ 

O» 

CM 

vo 

<£ 

CM 

Q. 

X 

CO 

CM 

• 

^ 

«a- 

CSJ 

• 

^ 

X 

•"^ 

O 

'^ 

d 

d 

,  1^ 

a;  ^  le    1 

0)  ^   CO 

OJ  ^    CO 

01     E    ■4-'       1 

01   E  •«-'    1 

0)   E  ■«-> 

i-  o  o    1 

1.   o   o    1 

i-  o  o 

U.  o  1—     1 

U.  LJ  1—     1 

U.   l_)  t— 

T3    QJ 
C    CT> 

CM  CM  CM 

■O    0) 

CM  CM  CM    1 

-a  ai 

CM  CM  CM 

^  ^  «^     1 

c  a> 

r^    i-~    ^-      1 

c  ai 

lO    lO 

LJ  (_3  (_J     1 

(O    CO 

(_J   (J   (_)      1 

CO    lO 

<_>(_)(_) 

W,  iC 

(O 

S   1/1 

<a 

E   i/i         CO 

O)   o 

•^■ 

«       ■       •     1 

dj    o 

•^ 

•        •        •      1 

01   o        t- 

•       •       • 

a  a 

c 

■O  T3  XJ     1 

a  o 

c 

"O  T3  -O     1 

o  a        c 

•O  "D  "0 

o 

*r~    -^   «^      1 

o 

■^  ■r»  >^B     j 

o 

CNJ   C\J 

E 

CM          1/1    fcrt    t/1     1 

CM  CVJ 

'M           l/î    l/)    CO      1 

CM  CM          g 

CM           l/l    l/l    l/l 

'^   *■" 

E       O        oj  a>  01    1 

^   r— 

g       o       ai  ai  0)    1 

O        oi  O)  oj 

1 

<_J  <_J 

<c       1/1       es:  et  o:    1 

1 

O  (_) 

<       to       Q£  a:  o:    1 

1 

O  O          d 

1/1       oi  cr  o: 

l/l 
Ol 

■!-> 
CO 

XJ 

a. 

3 


CO 

3 
C 
C 

CO 

Ol 


X3 

o; 
■a 

3 

U 

C 


01 


o 

.c 
t/1 


CO 

3 
■D 
•^ 
m 
0) 
i~ 

"D 

o; 

c 

^ 
E 
O 
u 

■a 
c 

CO 

Ol 
Ol 


c 
o 


CO 

c 


i. 
o 


u 

I 

■•-> 

o 
a. 


OJ 

o 


'-3 


< 


o 

CM 
0) 

en 


C 
O 
O 


CO 
Ul 

_i 
m 
< 


CO 

z 
o 

1— t 
(— 
< 
z 

a: 

o 
— 1 

1 

o 
o. 

> 
< 

0.41 
0.42 
0.42 

C 

0.32 
0.31 
0.33 

0.50 

0.48 
0.49 

z 
o 

H- 
< 
Z 

O 

1 

1 
LU 

o: 
o. 

> 
«t 

0.90 

0.07 
1.10 

0.06 
1.19 

0.05 

• 

C 
Z 

0.73 

0.02 
0.89 

0.02 
1.00 

0.02 

. 
X 

z 

1.06 

0.11 
1.43 

0.14 
1.34 

0.12 

9 
CO 

<: 
z 

o: 

O 

— i 

3= 
O 

o 
a. 

> 

0.44 
0.46 
0.48 

* 

C 
Z 

0.35 
0.41 
0.36 

. 

X 

(0 

z 

0.54 
0.55 
0.63 

z 

O 

< 
Z 

ce 

o 

1 

LiJ 

a: 

o. 

> 
< 

1.18 

0.28 
1.17 

0.25 
1.50 

0.22 

• 

c 

0.97 

0.14 
0.94 

0.10 
1.09 

0.10 

. 

X 

10 

z 

1.41 

0.42 
1.43 

0.36 
2.10 

0.71 

1                                             1 

oj^iei                                     a)^<oi                                     <u  ^  (0 
oi  e  ■*->    1                                     OIE-*-»!                                     aiE4^ 

UOOI                                                  UOOi                                                  l-OO 
U.<Jt—     1                                                 U.<_>t—     1                                                 u.ot— 

1                                                    1 

■OO»                                          CMCMCMI-Ott)                                         CMCMCMI-aOI                                          CMCMCM 
Ca>                                              r—   •—   r—      ICOI                                              .—    ^.—       iCO»                                              r-.—    .— 

(Qie                         uuuiie<a                         (_><_>(_>iia<a                          (_)(_>(_> 
ajo*^                  ...imcj..-                 •♦.imo*^                  ••• 

QO          c                      -O-O-OlOQ          c                     -O-OTSiOO          C                      "OTg-a 
CMCM          É            tM          mi/ll/lICMCM          E            <M          u11/1l/)lfMCM          ë            «M          l/ll/ll/l 

1— <—        E       O        ojujoji' —  ' —        S       O       Qjoiaii' —  •—        E       o        (DOiaj 
uu       <       oo       a£a£a£i(_);_;       <       (/i       Q£a:a:i(-)(_>       ^       oo       crocoi 

1                                                       1 

Q. 

< 


>- 


o 
en 

o> 
ta 

a. 


C 
O 
u 


LU 

CD 
< 


m 
00 

..H 

O 

»— 
<t 
z 

ex: 
o 

1 

<_> 

1 

1— 
(/i 
o 
o. 

> 

0.43 
0.45 
0.46 

c 

1                                            1 

^1                                                  m    1                                                   o 
o    1                                                  ni                                                   ^ 

•    1                                                     .1 
O    1                                                  o    1                                                   o 

1                                                                     1 

1                                                             1 
CSJ    1                                                         ^1                                                          m 
ID     1                                                                       ID     1                                                                        VD 

•    1                                                        .1 
o   1                                             o    1                                              o 

1                                                                 1 

z 
o 

H- 

ex 

o 
— 1 

<_) 

1 

UJ 

ex 

> 
< 

1.35 

0.05 
1.54 

0.05 
1.50 

0.05 

C 
Z 

1.12 

0.03 
1.28 

0.02 
1.28 

0.02 

z 

2.00 

0.17 
1.93 

0.25 
1.68 

0.10 

s 

(— 
*t 
z 

ex 

o 
— 1 
z 
u 

1— 
g 

CT 

> 
< 

1                                            1 

CM     1                                                                  O»     1                                                                   O 

lO     1                                                                  T     1                                                                   ID 

•     1                                                                     .1                                                                      . 

O     1                                                             O     1                                                              O 

1                                                                      1 

• 

C 

z 

1                                                                      1 

ro    (                                                  ID    1                                                   o 

^1                                                  ni                                                   ^ 

.1                                                     .1                                                      . 

O    1                                                         O    1                                                          O 

1                                                                 1 

z 

1                                                                 1 
00    1                                                  ni                                                   CM 
vo    1                                                     vo    1                                                      vo 

•    1                                                        .1 
O    1                                                      o    1                                                      o 

1                                                                      1 

z 
o 

< 
z 

o: 

O 

_i 

tJ 

1 
UJ 
(X 

c^ 

> 
< 

1.52 

0.24 
1.85 

0.25 
1.26 

0.34 

• 

C 

z 

1.21 

0.08 
1.37 

0.05 
0.89 

0.15 

• 
X 
« 

Z 

2.07 

0.47 
2.63 

0.41 
1.76 

0.45 

1                                            1 

lu^ioi                                     ai^ioi                                     oj  ^  la 
ojE't-ti                                     ajE'4->i                                     a;E4-> 
i-ooi                                     uooi                                     t-oo 

U.(_)t—     1                                                        U.t_)»—     1                                                         U-Ot— 

1                                                      1 

■OO)                                         CMCMCMI-Ott»                                         CMCvgCMI-OO;                                          CNJCMCM 
CCn                                              f—    1—  .—      ICO»                                              f—   r—   t—      1       c     a^                                               r-   ,—    r- 

loio                           cjooiioie                           t_>(_)<_>i(eio                           (_jtj<_) 
Ei/iiQ                                        iE(/)'0                                        iE</<<a 

(uo*^                  ...laio*^"                  ...idjo*»—                   ... 
QQ       c               -o-o-oioa       c               -oT3T3iaQ       c               -ots-o 

CMCM          6            CM          t/»</l(/llP^CM          fc            CM          wl(/lt/llCMCM          Ê            CM          4/lt/l*/l 

j— .—       E       O        a^oioiii —  ' —       s       o       0)0)0)11 —  >—        E       o        0)0)0) 

(_);_)          <          un          QiOCQilOtJ          <          (•)          CXQilXlOO          <          l/l          QtlXiX 

1                                                                      1 

es 

< 


Ui 
«<0 


o 

T 

la 

Q. 


C 

O 

u 


n 


m 
< 


. 

r^ 

CVJ 

r** 

z 

Ol 

^ 

^ 

^ 

o 

> 
«t 

d 

d 

o 

z 



•— • 

• 

o 

CNJ 

«r 

a: 

c 

T 

m 

m 

o 

•1— 

• 

• 

• 

— j 

1 
1— 

z 

o 

o 

o 

, 

Cvj 

Ol 

^■ 

1/1 

X 

VO 

V 

ID 

o 

lO 

• 

• 

Q. 

z 

o 

o 

O 

m 
CO 

• 

r>. 

f«« 

^H 

r^ 

o 

r«^ 

Z 

O" 

CSi 

o 

O 

O 

o 

CM 

O 

> 

• 

• 

• 

• 

• 

• 

< 

t-H 

o 

-H 

O 

t— 4 

O 

1— 
< 

■-^ 

• 

If) 

«Ni 

«o 

m 

CM 

^H 

a£ 

c 

o» 

o 

CO 

O 

00 

O 

O 

•T-» 

• 

• 

• 

• 

• 

• 

— 1 

Z 

o 

o 

o 

o 

o 

O 

r 

• 

^^ 

o 

r^ 

CM 

Ol 

o 

o: 

X 

r* 

^>» 

^H 

CM 

CM 

V 

Q. 

<o 

• 

• 

• 

• 

• 

z 

^^ 

O 

^i^ 

O 

'^ 

o 

Ol 

O 

Ol 

Z 

o- 

V 

u> 

V 

O 

> 

• 

• 

• 

— 
Z 

< 

o 

O 

o 

•— t 

• 

«-^ 

CM 

' 

vO 

OL 

c 

V 

^ 

ro 

O 

•^ 

• 

• 

— 1 

'    1 

z 

d 

O 

O 

1 

t— 

• 

m 

Ol 

— — 

<•) 

X 

lO 

S) 

«o 

o 

(S 

• 

• 

a. 

z 

o 

O 

d 

0^ 

»^ 

• 

O 

r^ 

C\4 

^H 

Ol 

^i^ 

z 

Ol 

evj 

CM 

^^ 

ro 

00 

m 

o 

> 

• 

• 

• 

• 

• 

• 

— 

< 

^^ 

o 

^^ 

O 

o 

O 

^4. 

Z 

^^ 

• 

O 

ir> 

<*> 

GO 

2 

«o 

a£ 

c 

o^ 

^4 

f^ 

r-» 

«-H 

O 

•^» 

• 

• 

• 

• 

• 

^ 

o 

O 

o 

o 

d 

o 

1 

LU 

• 

«o 

en 

m 

CM 

m 

f-t 

OC 

X 

^ 

^ 

V 

^ 

w^ 

m 

O- 

« 

• 

• 

• 

• 

• 

• 

z 

^H 

o 

^^ 

O 

"^ 

o 

-  — - 

•    ^^ 

-— ■  — 

(U  ^    « 

ai  ^  m 

<u  A'vi 

u   E  4-1 

<u  e  ■»-> 

s-  S  O 

U    O    O 

u  5  o 

u-  (_)  1— 

u.  <_J  1— 

Li.  u  1— 

■o  o; 

CVJ  evi  esj 

?g, 

CM  CM  CVI 

■o  0* 

CM  CM  CM 

c    Ol 

^  r-"  »■" 

f—  f^  ^ 

c    Ol 

F^  p"  ^ 

«0    «0 

«J  O  (J 

«    10 

«J  t_>  O 

«     10 

U  O  (-> 

E    i/i         10 

E    </l         <0 

E   >/i 

<o 

o  c5        c 

•             •             • 

^8     c 

•        •        • 

(U  o 

■^ 

•        •        • 

■O  -a  -O 

■o  -o  -o 

o  o 

c 

T3  -o  -o 

Q 

*^*>  «^  ■»* 

Q 

•^   «^  «^ 

g        c 

•r-  «^  •^- 

«Sa  CM        g 

tVJ          1/1    «/1    (/l 

CVI  CM          g 

CM          </1    VI    1/1 

CM  CM 

M         l/l    l/l    1/1 

(^   ^              c 

o         U   U   U 

^   r^              E 

O        (U  oj  a> 

^  f— 

B         o          OJ   <U    01 
^       (/>       Q£  oc  a: 

«_>(_)           < 

OO          Q£  oc  oc 

t_)  O            < 

UO          oc  OLOC 

t_)  <J 

LU 

a 


01 


.c 

OJ 

*j 

u 
a. 

w 

e 

k 

04 

ID 

o 

t. 

<e 

o 

f 

u 

0)   o 

s 

4.' 

Vb. 

u- 

OlVfc. 

</i 

4^ 

O 

<e 

^ 

4-> 

c 

1/1  </i 

lO 

04 

<9 

ifi 

V 

O  -M 

3 

(/I 

.ÏC 

■o  c 

■o 

V 

•a 

<U 

« 

£ 

04 

CJ) 

4-> 

01   o 

1/1 

h^ 

I. 

« 

f  a. 

0) 

• 

3 

a. 

</l 

>— 

i. 

04 

ui 

*j 

• 

<0 

OJ 

0)  CM 

^ 

i 

0) 

•  t/1 

<U 

« 

c 

■o 

k 

C 

4-> 

<U    0) 

Vb 

o 

I/I 

u 

C  f 

I/I 

•^ 

o 

•^  h- 

04 

4-> 

•^ 

E 

f 

u 

f 

#■— 

f 

H- 

Q» 

4J 

« 

u 

00 

C 

3 

■o 

4irf 

a;  01 

• 

? 

^ 

•F- 

I/I 

•o  ■•-> 

C 

Irt 

o 

« 

o 

<o  -o 

04 

a.  oi  3 

04 

u 

^ 

4^ 

^i4 

>> 

■a 

« 

■0 

<e 

04 

c 

■krf  f 

u 

c 

F— 

c 

« 

o  ■<-> 

■w 

o 

o. 

•^- 

c 

•^ 

^* 

1/1 

k 

OJ 

c  o 

4-) 

4-> 

-^ 

o 

k 

le  4J 

o  -o 

a. 

u 

u 

u 

^ 

T3 

•^ 

t/1 

« 

u 

0) 

</1    01 

s. 

4>> 

1/) 

0)  — 

■b' 

c 

<9 

4-> 

3 

Ol<— 

0> 

•f" 

-o 

in 

« 

•o  a. 

i 

O 

U 

t/l    Q. 

w 

^ 

Ou 

<u 

o  « 

k 

u 

la 

CD 

■o 

o; 

4^ 

3 

(U 

Q. 

r* 

•o 

• 

0)    Ol 

E 

•^ 

•^ 

UI 

• 

c   « 

< 

<*- 

1/1 

a. 

1/1 

•»-   1/1 

04 

E 

U 

1-   o 

>i 

w 

U 

3 

3 

o  -o 

JS 

c 

a. 

O 

(^ 

•^ 

0) 

.c 

f  a> 

i/i 

c 

04 

*i 

u  c 

u. 

c 

U 

<*- 

CO 

••" 

3 

3 

Ifc. 

•^ 

4-1     U 

o 

u 

^ 

>> 

«/I   o 

f 

04 

u 

o  — 

4-> 

£ 

f 

Ol 

a.f 

^ 

I/I 

4^ 

o> 

> 

u 

04 

•^ 

u 

•o 

>» 

Ol  u 

f 

c  — 

I. 

c 

> 

13 

ro    <0 

0> 

o 

04 

u 

*i 

> 

o» 

f 

-^ 

u  o 

0) 

4-> 

u 

W  *i 

« 

o 

0) 

a. 

■o  ^ 

4-1 

04 

^ 

<u 

u 

4-> 

I. 

u 

<—  ^ 

k 

■o 

O 

<«  -M 

3 

Ifc. 

01 

1^ 

k 

3 

1/1 

o 

o> 

04 

o 

•O   <rt 

• 

« 

10 

A 

•a 

0) 

I/I 

u 

• 

■»■» 

> 

a> 

E 

4iJ 

0) 

-a  04 

0) 

-.-  0*  -o 

c 

> 

04    Ol 

«/I  -a  — 

i- 

U 

0) 

<e 

•»-  u 

c  ^ 

o 

k 

3 

—    lO 

Ol 

.^  >« 

(J 

« 

04 

a.f 

i. 

■M 

Oi 

Vte 

U 

a.  u 

^ 

<a 

• 

u 

1/1 

Ik. 

04 

IQ    1/1 

1.    (/I 

^ 

04 

S 

•1— 

\^ 

<A 

a;  •.- 

a/ 

<e 

irt  "O 

C 

<U 

-o  JZ 

u 

3 

04 

1/1 

o 

Ol  C    4-> 

<o 

■a 

f 

U 

a. 

u^ 

« 

•^ 

4-> 

04 

04    E 

1/1 

—  c 

i/i 

1/1 

^ 

C    3 

o 

>.-^ 

u 

o; 

C 

•<-  a. 

r" 

■o 

u 

O) 

u 

o 

3 

u 

cri 

t/1 

■o 

la 

C 

O    4-* 

OJ 

lU 

%% 

1/1 

<u 

■o 

>—    <^ 

4-> 

c 

o 

c 

04 

<4- 

£   -^ 

LU 

o 

•*— 

<0    lO 

•o 

•^ 

u 

o 

o  — 

^ 

c 

s- 

1/1  — 

i. 

3 

OQ 

.k-l 

o 

a.-i-> 

o 

1/1 

I/I 

4.1   £ 

< 

o 

0)    1/1 

1/1 

ITS 

4-1 

ifl    Ol 

o 

£ 

^  — 

o 

f 

9< 

0) 

o  — 

LL. 

o 

-t-i  -a 

a. 

;_> 

E 

1/1 

a.  f 

(M 

«te 

o 


a> 


CO 
05 


O 
LU 
Û 

LU 


O 

a. 


o 

LU 
U. 

Z 

û 

CN 

en 


m 
< 


< 
< 


o 

Q. 


z 
o 

t— 

1 

< 

UJ 

O 

1— 

0.63 
0.53 
0.49 
0.52 
0.49 
0.52 
0.52 
0.44 
0.42 
0.44 
0.64 
0.44 
0.44 
0.35 
0.43 

s 
o 

U. 

0.48 
0.39 
0.36 
0.39 
0.37 
0.39 
0.39 
0.31 
0.29 
0.30 
0.50 
0.32 
0.32 
0.25 
0.30 

O 

_1 
(-) 

1 
H- 
00 

o 
a. 

CM 

1*1             1             1             1             1             1             1             r             1             1             !             1             1 

: 

c 

E 

l/t 

1             1             1             1             1             1             1             1             1             1             1             1             1             1 
1             1             1             1             1             1             1             1             1             1             1             1             1             1 
1            1            1            1            1            r            1            1            1            1            1            1            1            -1 

• 

E 
(U 

O 

1 

z 

O 
h- 

<t 
z 

oc 
o 

3: 
<~) 

LU 

a. 

-J 

1 

oo 

UJ 

■4-) 

o 
»— 

1            1            1            1            1            1            1            1            1            1            1            t            1            1 
11111(11111111 
11111111111111 
1            1            1            1            1            1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1            1            1            1            1            1 
111111111111(1 

• 

o 

(        -r (111(1 

((!((((((((((( 
(                (                1                (                (                1                (                (                (                (                (                (                (                ( 
(((((((((((((( 
(                (                (                (                1                (                (                (                (                (                1                (                (                ( 
1                (((((((((                1                ((                ( 
1                ((                1                (((((((((                ( 

u 

t. 
u. 

0.38 
0.36 
0.30 
0.33 
0.30 
0.36 
0.32 
0.33 
0.21 
0.18 
0.28 
0.28 
0.32 
0.39 
0.30 

C 
o 

3 

a 

(NJ 

o 

ro 

— j 
< 
t— 
O 
t— 

h— 
Z 

a. 

LlJ 

Z 

o: 
o 

1.14 
1.09 
1.03 
1.05 
1.08 
0.99 
1.12 
0.90 
0.91 
0.80 
1.28 
0.82 
0.81 
0.82 
0.82 

è 
o 

UJ 

t— 
o 

—    (e\j(m(^i(r)ivOir^iooiCT>iOi—    itMif^i^itn 

o 
at 

IS 


C 
O 

CO 

tu 

-J 

CD 
< 


o 

< 

o 
-J 

o 

o 
a. 

_J 
<c 

a 

MM 

UJ 

o 

1— 

0.49 
0.55 
1     0.40 
0.48 
0.55 
0.52 
0.40 
0.45 
0.39 
0.46 
0.49 
0.41 
0.44 
0.58 
0.59 
0.38 

i 

o 

0) 

u 

Lk 

0.39 

0.42 

0.28 

0.35 

0.41 

0.41 

0.29 

0.33 

0.30 

0.35 

0.34 

0.30 

0.32 

0.48 

0.47     1 

0.26     1 

C 

b 

a 

3 

CM 

c 
e 

• 

â 

E 
0) 

a 

1 

1— 

ac 
O 
—J 

X 

(-> 

1 

LU 

a: 
a. 

O 

(•) 
UJ 
0£ 

o 

1                1                1                1                t                1                1                1                1                1                1                1                1                1                1 
1                1                1                1                1                1                1                1                1                1                1                1                1                1                1 

• 

o 

0» 

I. 

0.33 
0.30 
0.25 
0.22 
0.30 
0.32 
0.27 
0.29 
0.27 
0.25 
0.33 
0.27 
0.29 
0.52 
0.40 
0.25 

C 

a 

m 

»— 
o 

t— 

»— 

1 
a. 

LU 

z 
a: 

O 

—J 

5 

. 

O 

a 

1.14 
0.99 
0.72 
0.92 
0.93 
0.91 
0.79 
0.81 
0.77 
0.81 
0.89 
0.76 
0.90 
1.13 
1.00 
0.79 

• 

a 

1        1        1        1         1        1        1        (        1        1        1        1        1        1        1 

LU 

i 

-^1,— •l.^l-MICSJICNJICMICNJICgifMlCMlCMICMIPgif^lf*! 

{M 
O 


01 

a. 


CO 
05 


z 
< 


o 
oc 

Q. 

Z 

o 


u. 
Z 
(A 
O 

ri 
cri 

LU 

m 
< 


oc 

< 


o 

a. 


O 

1— 

o 
— j 

«_> 

1 

<•> 

o 
o. 

(_) 

1 

E 

LU 

O 

0.43 
0.42 
0.49 
0.47 
0.41 
0.42 
0.46 
0.46 
0.45 
0.41 
0.45 
0.44 
0.54 
0.54 
0.45 

• 

O 

0.32 

0.32 

0.36 

0.33 

0.30 

0.31 

0.32 

0.33 

0.33 

0.30 

0.35 

0.33 

0.41     1 

0.41 

0.34      1 

c 

a 
a 

3 

C 

e 

o 

E 
0) 

o 

._ 1 

o 

3 

LU 

a. 

LU 

o 

1        1        1        1        1        1        1        1        1        1        1        i        1        1 

1       1       1       1       1       1       I       1       1       1       1       1       !       ! 
■       1)111111111(1 

o 

0) 

Ll. 

0.34 
0.32 
0.30 
0.31 
0.29 
0.31 
0.27 
0.28 
0.24 
0.26 
0.34 
0.25 
0.28 
0.33 
0.27 

c 

3 
3 

5 
1 

•< 
1— 
O 

h- 

t— 
Z 

a. 

LU 

O 

— J 

ë 

0.79 
0.82 
0.86 
0.89 
0.79 
0.88 
0.84 
0.84 
0.78 
0.77 
0.87 
0.81 
0.93 
1.08 
0.80 

• 

E 
(U 

UJ 

— <iesiipni^iir)ivOirv.iooiWiOi— ^iCMif^i^iiT) 

CNJ 

Vu. 

O 
CM 
« 

10 


c 
o 

en 

CO 

m 
< 


t— 

3 

o 

o 

Q. 

u 

— 1 

1 

UJ 

ac 

(O 
O 

t— 

1         1 

1     0.49   1 

1     0.49   1 

1     0.43   1 

1     0.38   1 

1     0.45   1 

1     0.46   1 

1     0.49   1 

0.48   1 

0.43   1 

0.49   1 

0.44    1 

0.46   1 

0.39   1 

0.50   1 

0.42   1 

0.42   1 
1 

o 

01 

Ll. 

0.36 

0.37 

0.31 

0.27 

0.33 

0.35 

0.36 

0.34 

0.32 

0.32 

0.30 

0.34 

0.29 

0.38 

0.31     1 

0.30     1 

c 

b 

3 

a 

CVJ 

3 
n 

m 

c 
e 

es 

• 
1/» 

• 

E 

o 

1 

o 
—J 
z 

1 
UJ 

ac 

a. 

cs 

(-) 

—J 

«r 
a 

LU 

OC 

•a 

O 
t— 

1                1                1                 1                1                 1                1                1                1                1                1                1                1                1                1 
1                1                1                1                1                1                1                1                1                1                1                1                1                1                1 

• 

O 

0) 
0) 

u 
u. 

0.28 
0.29 
0.29 
0.21 
0.25 
0.32 
0.27 
0.26 
0.27 
0.28 
0.27 
0.28 
0.21 
0.37 
0.24 
0.22 

c 
u 

3 

a 

«Ni 

3 

1 

—J 

O 
t— 

»— 

«t 
—J 

LU 

OC 

o 

IE 

• 

8 

0.92 
0.86 
0.84 
0.78 
0.82 
0.87 
0.85 
0.91 
0.90 
0.86 
0.68 
0.76 
0.72 
0.86 
0.80 
0.77 

E 
O 

LU 

-Hi.-<i.^i,.^ics4icsi(eNaic>4icsjicvjiCMic\jic\jic\iiroiro 

o 


at 
at 


< 

Of 

< 
o 

<: 


on 
O 

a. 


Q 
< 

<i 

<  CO 


o 

GC 

z 
o 

o 

c5 


< 

G 

ce 
O 

D 


O 

LU 

03 
< 


m 
CD 

> 

0.93 
0.12 

z 

1                                          1                                          1                                          1                                          1                (\j  o 

I  1                              1                              1                              1              .    . 

II  1                                       1                                        1               o  o 

1                                       1                                       1                                        1                                        1 

1                                             1                                             1                                             1                                             1 

X 

1.25 
0.3 

• 

X 

X 

«t 
z 

00 

d 

1                                                    1                                                     1                                                     1                                                     1     CM 

!                        !                        !                         !                         IS" 

1                                          1                                          1                                          1                                          1    VO 

z 

1                        1                        1                         1                         1  ^ 

1                                     1                                     1                                     1                                     1    tr> 

1                        1                         1                         1                         1    * 

X 

1                                                    !                                                    1                                                     1                                                     1     LO 
1                                                    1                                                    1                                                     1                                                     1     CO 

1                                                                                                         1                                                                                                         1                                                                                                          1                                                                                                          t         V* 

00 

ai 

•< 

• 

aE 

!                       1                       !                       1  -                    1 

X 

< 

aï»—                    1                    Otl—                     1                    OCH-                     1                    QCH-                     1                    Q£h-                     l                    Oil— 

c_)cz       oofiucz       oafiucz       ocxiucz       ooïiucz       ooiiucz       c 
<:zo                i«s:zo                i<zo                i«tzo                i<zo                i<zo 

< 


CO 


o 

CM 

m 
en 
la 

a. 


C 
O 

O 

•«t 

LU 

—t 

CQ 
< 


m 

œ 

• 

> 

2.69(6 

0.575 
0.175 

2.57(7 

1.066 
0.177 

z 

1.56 

0.00 
0.00 

0.72 

0.00 
0.00 

X 

i 

4.40 

1.20 
0.40 

3.63 

2.00 
0.60 

00 
en 

• 

> 

2.47(4; 

0.4 
0.571 

2.44(5 

0.288 
0.18 

• 

Z 

1.10 

0.00 
0.00 

0.62 

0.00 
0.00 

X 

< 
z 

3.05 

1.00 
0.40 

4.61 

1.00 
0.60 

m 

00 
Cî> 

d 

2.12 

0.422 
0.155 

1.53 

0.066 
0.044 

0.76(3 

0.00 
0.00 

z 

0.74 

0.00 
0.00 

0.56 

0.00 
0.00 

0.76 

0.00 
0.00 

X 

3.92 

1.40 
0.40 

2.41 

0.20 
0.20 

0.76 

0.00 
0.00 

o» 

> 
< 

0 

0.20 
0.1 

0.99(1 

0.22 
0.013 

0.00 

• 

z 
z 

0.00 
0.00 

0.28 

0.00 
0.00 

0.00 

< 
z 

0.40 
0.20 

1.12 

0.75 
0.20 

0.00 

PAC 
KMn04 
TON           R 
T 
F  Dos. 
F  Res. 

PAC 
KMn04 
TON           R 
T 
F  Dos. 
F  Res. 

PAC 
KMn04 
TON           R 
T 
F  Dos. 
F  Res. 

PAC 
KMn04 
TON           R 
T 
F  Dos. 
F  Res. 

PAC 
KMn04 
TON           R 
T 
F  Dos. 
F  Res. 

PAC 
KMn04 
TON            R 
T 
F  Dos. 
F  Res. 

< 


a. 

LU 
00 


o 


UJ 

o 


■o 

<o 

• 

■o 

■a 

■a 

• 

• 

<u 

• 

« 

« 

■a 

• 

■a 

-a 

•a 

■a 

0) 

■a 

(U 

T3 

(U 

«J 

<u 

■a 

a; 

■o 

<« 

■a 

< 

■a 

■a 

■o 

■a 

-a 

a. 

■a 

<a 

■a 

<a 

in 

<_> 

<« 

ifl 

lO 

UJ 

< 

o 

(J 

t_) 

h- 

a. 

u 

c 

o 

< 

tj 

< 

O 

< 

< 

a. 

< 

a. 

o 

a.. 

irt 

a. 

a. 

^ 

c 

>. 

o 

o 

O 

o 

lO 

o 

c 

o 

c 

O 

trt 

c 

-o 

c 

c 

u. 

>» 

1/1 

1/1 

«3 

1/1 

o% 

(/» 

>< 

1/» 

>» 

1 

■o 

>1 

csj 

>> 

«o 

>. 

lO 

« 

>o 

■a 

<9 

■o 

o 

ir> 

■o 

1 

■a 

■o 

,..4 

en 

ir> 

T 

r^ 

IT) 

^m^ 

o 

1 

CVi 

CO 

CM 

1 

CM 

I 

LU 

o* 

_1 

tfi 

1 

f— « 

1 

^^ 

1 

n 

CO 

CO 

CO 

CO 

<: 

<Ti 

to 

u 

^ 

<7\ 

m 

ai 

h— 

CO 

<u 

GO 

œ 

•-* 

a» 

o 

<J\ 

a» 

4-> 

E 

4J 

«-^ 

-M 

I/I 

<U 

1/» 

1/1 

3 

Ol 

4-> 

>( 

3 

>> 

3 

ai 

c 

o. 

o> 

1^ 

Ol 

3 

3 

OJ 

3 

3 

3 

3 

< 

T 

W1 

-^ 

«C 

T 

< 

;:;7 

CM 

m 

^ 

to 

^ 

t»» 

CM 
O 


(V 

en 

« 

a. 


s5 


< 


i^  O 

-I  cc 


OO 


1/1 

o 
a. 


CO 
< 

I- 


LU 

a 

o 

3 
T3 

1/1 

<u 
I/I 

c 

m 

3 
J 
C 
O 
E 

< 
o 
o 

U1 

X 
< 

UJ 

z: 

c 

• 
> 

i 

lé 

< 
I. 

1.01  1 

1.02  1 
1.07 
1.04 
1.01 
1.07 
1.12 
1.05 
l.Il 
1.00 

1    1.03 
1.02 
1    1.03 
1    1.00 
1   0.96 

i 

-<iPgiroi^iUliiOir^iaOi(T>iOi—    iCMif^iTiiT) 

c 

o 

u 

w 

3 

o 

•a 

o 

-a 

c 

-a 

(U 

*     4-1 

■^      t/l 

* 

C   -a 

^. 

fO   *J 

'^^ 

31 

a.  u 

E 

o 

(/>  '^ 

OJ 

•^ 

I. 

j=  -a 

TS 

w    41 

u 

a; 

j_i  — 

-.- 

<«     3 

^ 

3- 

'C 

T3    OJ 

-4.^ 

Ol    u 

■a 

tn 

-3    C 

■— 

-O    <U 

£ 

SI 

-.-» 

>/>  Ï 

C 

■a 

■^- 

OJ    OJ 

-O  "O 

^ 

—  -a 

O) 

u  ra 

tn 

o 

3 

3    1/1 

^-"  -^ 

c/l 

L^ 

-«-> 

«_) 

■.— 

o  < 

C 

z  a. 

3 

o 


o 

CM 

m 

•a 

a. 


C 
O 
O 


UJ 

CQ 
< 


LU 

O 

Of 

O 

_I 
U. 

3 

■a 

</» 
<u 

(U 

1/» 

c 

3 
11 

a 

3 
J 

5 

E 

SODA 
ASH 

1             1             1             1             1             1             1             1             1             1             1             1             1             1             1 

U 

: 

J 

1             1             1             1             t             1             1             1             1             1             1             1             1             1             1 

c 
c 

3 

E 

t. 
< 

a 

c 

L 

evjlOiOiOiOiOiOiOiOiOiOiOiOiOiOiO 

*      1                  1                  1                  1                  1                  1                  (                  1                  1                  1                  t                  L                 1                  1                  1 

o     1             1             1             1             1 

u 

1- 
< 
c 

J 

C 

3 

>Oir».iQOiO>iOi-^iCMiPni^itOi>Oir»»iOOiCT»iOi— • 
r^l-^l,— <l.-<ICMlCV4ICMICMIC\ilC\JICMlCMlC\JI<Mimim 

CM 
O 


a. 


.  0> 


< 


< 


< 


O 

QC 
0. 


O 


o 


< 

9 

QC 

o 

OD 

CN 

■«r 


03 
< 


on 
O 

a. 


UJ 

o 

O 

«a 

3 

•a 
1/1 

<u 

Ol 

(/» 

c 
a 

r 
3 

3 

3 

B 

< 

8 

00 

< 

LU 

X 
— i 

c 
( 

< 

c 

1.67 
1.57 
1.78 
1.91 
1.83 
2.41 
1.49 
1.52 
0.56 
1.19 
1.96 
0 
1.89 
2.25 
1.82 

L 
h 
< 

iJ 

i 

-HiCMimi^iLOivOir^iCOiO^iOi-^it^^Ji'^i^i'^ 

iw 
O 

CM 

0) 

at 

a. 


C 
O 

CN 

Ul 

m 
< 


o 

§ 

— i 
u. 

3 

-o 

1/1 

<U 
(X 

«a 
</< 

o 

•< 

s 

< 

1           1           1           1            1           1           1    .       1           1           1           1           1           1           1           1 

u 

: 

J 
: 

J 

c 
c 
a 

D 

E 

< 
a 

i 
c 

1.49 
2.17 
1.88 
1.62 
1.86 
1.82 
1.33 
1.00 
1.23 
1.07 
0.99 
0.98 
0.96 
1.04 
1.10 
0.89 

u 

< 
C 

I        1        1        1        1        1        1        1        1        1        1        1        1        1        1 
I        1        1        1        1        1        1        1        1        1        1        1        1        1        1 

vOir>»iCOi<3»iOi-^iCMiroi^iuOivOir^iQOi<T>iOi— • 

•^i-^i-^i-^lCMieMlCMICMlCMItVJlCMlCMlCMlOginnim 

1             1             t             1             1             1             1             1             1             1             1             1             1             1             ( 

1           1           1           1            1           1           1           1           1           1           1           1           1           1           1 

00 


(U 


o 
a. 


> 

<r 
< 

S 
D 
(O 

oc 
< 

ai 

> 
I 

cr 
D 
O 


< 

D 

a 
ce. 

LU 
< 

O 

ui 

LU 
-J 
CD 
< 


DRINKING 
WATER  OBJ, 
GUIDELINE* 

1                     1                     1            -~.    1            3     1                     1                     1                     1                     1 
1                     1                     lOO^iUi                     1                     1                     1                     1 
1                     1                     ilOSii—     1                     1                     1                     1                     1 
1                      1                       IINl- — 'iLO^^i                       1                       1                       1                       1 

1                       1                       1                       1                       1                       1                                                                        1 

DWSP    1 
DETECTION  I 
LIMIT 

0.2 
(mg/L) 

0.05 
(mg/L) 

0.1 
(mg/L) 

0.2 
(mg/L) 

0.5 
(TCU) 

0.01 
(uraho/cm) 

0.1 
(mg/L) 

0.1 
(mg/L) 

0.1 
(mg/L) 

0.2 

lO 

00 

■< 

99.6 
92.3 

- 
- 

36.0 
36.3 

15.3 
16.5 

290.0 
293.9 

0.23 

0.32 



0.43 

7.81 
7.55 

i 

95.7 
86.9 

- 

- 

34.0 
34.0 

14.5 
15.8 

274.0 
277.0 

0.05 

0.100 

0.150 

7.00 
7.40 

1 

102.5 
96.9 

0.032 
0.036 

38.5 
38.5 

17.3 
18.3 

305.0 
307.0 

1.18 

0.550 

0.700 

8.40 
7.80 

LO 

<7» 

> 
•< 

96.7 
81.6 

36.0 
37.5 

15.5 
16.4 

6.0 

292.0 
302.0 

Z 
X 

(1) 

96.6 

74.4 

-(1) 

14.8 
15.8 

2.5 

-(1) 
286.0 
301.0 
-(1) 

i 

96.8 
88.8 

-(1) 

16.2 

17.0 

-(1) 

9.5 

298.0 
303.0 

CO 
00 

•< 

X 

5 

X 

1 
1 

(1)1 
104.61 
94.8(1) 

1 
1 
-(1)1  —  - 
37.51 
38.7(1) 
-(1)1-  - 
16.01 
18.61 
-(2)1   - 
3.41 
1.5(2) 
-(1)1--- 
299.01 
306.0(1) 

1 
1 

1 
1 

1 
1 

1 
1 

1 

z 
X 

X 

<< 

X 

(•) 

X 

LU 

X 

«_) 

—1 

< 
oc 

LU 

Z 

LU 
CJ 

>- 

(X 

t— 
oo 

X 

LU 

:e 
— i 

LU 

Z 

LU 

Alkalinity           R 
(mg/L)              T 

Ammonium  (Total)       R 
(mg/L)              T 

Calcium             R 
(mg/L)              T 

Chloride             R 
(mg/L)              T 

Colour               R 
(TCU)                T 

Conductivity          R 
(umho/cm)            T 

Field  Chlorine        R 
(Combined)           T 

Field  Chlorine        R 
(Free)               T 

Field  Chlorine        R 
(Total)              T 

Field  pH             R 

T 

00 


o 

CM 

o> 


C 

o 
a 


< 

H- 


drinking  1 
water  obj  1 
guideline'  1 

1 

(FTU) 

2.4       1 
(mg/L)     1 

cl 

10  (mg/L   1 
as  N)   1 

1  (mg/L    1 
as  N)   1 

0.15       1 
(mg/L)    *| 

DWSP 

detection 

LIMIT 

0.01 
(mg/L) 

0.5 
(mg/L) 

0.05 
(mg/L) 

0.05 
(mg/L) 

0.005 
(mg/L) 

0.1 
(mg/L) 

0.01 
(mg/L) 

to 

00 

8.70 
7.81 

3.54 
0.29 

0.128 
0.117 

124.7 
125.5 

8.42 
8.42 

0.280 
0.284 

- 
- 

0.23 
0.15 

8.27 
8.02 

0.012 

- 

X 

0.50 
0.50 

1.10 
0.13 

0.110 
0.090 

117.5 
117.5 

7.90 
7.90 

- 
0.240 

- 
- 

0.12 

- 

8.10 
7.44 

- 

X 

24.0 
23.0 

10.00 
0.46 

0.150 
0.140 

131.9 
131.9 

9.20 
9.10 

0.345 
0.355 

0.033 
0.007 

0.29 
0.19 

8.42 
8.31 

0.012 

00 

C3 

0.120 
0.100 

123.0 
126.5 

8.30 
8.30 

0.300 
0.250 

8.26 
7.36 

X 

-(1) 
122.0 
125.0 
-(1) 

8.12 

7.17 

-(1) 

X 

< 

X 

124.0 
128.0 

-(1) 
8.39 
7.56 

1983      1       1984 
1 

<J3 

1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1 

1 

1            1            1            1            1            1            1            1            1 
1            I'            1            1            1            1            1        -   1            1 
1            t            1            1            1            1            1            1            1 
1            1            1            1            1            1            1            1            1 

1            1            1            1            1            1            1            1            1 

5 

X 

<c 

1 

1 
1 

1 

1 

-(1)1-- 

0.121 

0.12(1) 

-(l)l-  — 
130.21 
131.3(1) 
-(1)1—- 

8.901 

8.45(1) 

-(l)l-  — 

0.2  1 

0.1(1) 

-  1 

-  1 

-  1 

-  1 
-(1)1   - 
8.371 
7.86(1) 

1 

1 
1 

z 
X 

1                        1                        1                         1                         1                        1                         1                         1                        1 

X 

< 

X 

1 

1      GENERAL  CHEMISTRY 

1         (cont'd.) 

i  Field  Temperature      R 
1  (°C)                 T 

1  Field  Turbidity        R 
1  (FTU)                T 

1  Fluoride             R 
1  (mg/L)              T 

Hardness             R 
1  (mg/L)              T 

1  Magnesium            R 
I  (mg/L)              T 

1  Nitrate             R 
(mg/L)              T 

1  Nitrite             R 
1  (mg/L)              T 

1  Nitrogen  Total         R 
1  Kjeldahl  (mg/L)        T 

1  pH                  R 

1                     T 

1  Phosphorus  Filtered     R 
1  Reactive  (mg/L)        T 

00 


o 
m 

0) 

at 
la 

a. 


C 
O 
U 


UJ 

-J 

< 


drinking 
water  obj 
guideline' 

1            1             1       =)   1 

t                   1                    1           b^.     1 

—Il         —11         Cl                1         _j    )    «n  C 

^^CTlOCT>l              Q1I                       1              O^iOW 

•Si-S<           El                  <           E<'E 
O^^iO— '1— -^1                iiri^.'iO^' 

DWSP 

DETECTION 

LIMIT 

0.01 
(mg/L) 

0.1 
(mg/L) 

(mg/L) 

0.01 
(FTU) 

0.003 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

0.02 
(mg/L) 

0.0003 
(mg/L) 

zz 

0.019 

9.10 
9.17 

189.3 
192.1 

4.0 
0.25 

0.132 
0.104 

0.019 
0.018 

0.06 
0.05 

X 

8.40 
8.40 

181.0 
182.0 

1.10 
0.08 

0.009 
0.042 

0.018 
0.016 

1  - 

X 

0.024 

10.00 
10.10 

— 

198.0 
198.0 

----- 

14.20 

0.55 

0.380 
0.310 

0.021 
0.020 

0.08 
0.08 

0.000^ 

Lf) 

00 
ai 

«t 

9.00 
9.10 

194.0 
197.0 

5.53 
0.16 

0.240 
0.061 

0.018 
0.018 

0.03 

z 
X 

-(1) 
1.06 
0.10 

X 

•< 

22*0 
0*01 

00 

m 

00 

s 

i 

X 

<: 

X 

1 

1 

1 
-(1)1   - 
9.0  1 
9.5(1) 

1 

1 
-(1)1— - 
0.501 
0.30(1) 

1 

(1)1 
0.0201 
0.770(1) 

-  1 

-  1 
-(1)1— - 
0.0181 
0.017(1) 

-(1)1 
(1)1 

1 
1 

(1)1 

(1)1 

1 

z 

X 

X 

<c 

X 

1 

1      GENERAL  CHEMISTRY 
1         (cont'd.) 

i  Phosphorus  (Total)     R 
1  (mg/L)              T 

i  Sodium               R 
1  (mg/L)                T 

1  Total  Solids          R 
1  (mg/L)              T 

1  Turbidity            R 
1  (FTU)                T 

1  METALS 

1  Aluminum             R 
1  (mg/L)              T 

i  Arsenic             R 
1  (mg/L)              T 

1  Barium               R 
1  (mg/L)               T 

1  Beryllium             R 
1  (mg/L)               T 

1  Boron               R 
1  (mg/L)               T 

1  Cadmium             R 
1  (mg/L)              T 

a 

o 


c 
o 

o 

Ui 

-J 

< 

H- 


DRINKING      1 
WATER  OBJ,    1 
GUIDELINE'    1 

0.05                1 
(mg/L)            1 

1                     1 
(mg/L) 

0.2                1 
(mg/L) 

0.3                 1 
(mg/L)         cl 

0.05               1 
(mg/L)           1 

0.05                1 
(mg/L)            1 

1                     1 

(ug/L)         1 

OUSP 
DETECTION 

h- 

1             1            1            1            1             1            1             1             1 
1             1            1            1            1             II             1             1 
1             1            1            1            1             1            1             1             1 
1             1            1            1            1             1            1             1             1 

X 
-J 

0.001 
(mg/L 

0.001 
(mg/L 

0.001 
(mg/L 

0.001 
(mg/L 

0.002 
(mg/L 

0.003 
(mg/L 

O.OUl 
(mg/L] 

0.001 
(mg/L] 

0.01 
(ug/L] 

0.002 
(mg/L) 



as 

f-4 

:> 

1 
<0.001|  0.002 
<0.001|   0.001 

«O.OOlk  0.001 
<Û.0Û1|<  0.001 

0.0011  0.010 
-     1   0.002 

1        1    - 
1        1    - 

0.0311   0.12 
0.0031  0.004 

<0. 003k  0.003 
<0.003k  0.003 

0.0011  0.004 
<0.001|  0.001 

<0.001|<fl.001 
<0.001|<i).Û01 

<0.010|  0.020 
<<).010|   0.015 

0.0011  0.0021 

0.0011   0.0021 

1              1 

X 

1 

0.003 
0.002 

0.001 
<0.001 

0.047 
0.006 

0.34 
0.005 

0.005 
0.005 

0.0U9 
0.002 

0.001 
0.001 

0.040 
0.020 

0.0021 
0.0091 

1 

00 

0.004 
0.002 

<0.001 
0.001 

0.004 
0.004 

0.2b 
0.004 

<0.003 
0.003 

O.OOB 
0.002 

0.002 
0.002 

0.003 
0.002 

1 

z 

X 

•< 

00 

^ 

< 

z 
X 

X 

•< 

X 

m 
00 

X 

i 

1 

1 

1               METALS 

1               (cont'd.) 

j  Chromluin                       R 
1   (mg/L)                          T 

1  Cobalt                          R 
1   (mg/L)                          T 

1  Copper                           R 
1   (mg/L)                          T 

1  Cyanide                         R 
1    (mg/L)                            T 

1   Iron                               R 
1   (mg/L)                          T 

1  Lead                              R 
1   (mg/L)                          T 

1  Manganese                     R  1 
1   (mg/L)                          T 

1  Molybdenum                   R 
1   (mg/L)                          T 

1  Mercury                          R 
1    (ug/L)                             T 

1   Nickel                             R 
1    (mg/L)                           T 

00 


o 
m 

a. 


C 
O 
O^ 

o 

Ui 

oa 
< 


DRINKING   1 
WATER  OBJ   1 
GUIDELINE^  1 

0.01      1 
(mg/L)     1 

0.02      1 
(mg/L)    tl 

5         1 
(mg/L)    hl 

10        1 
(ug/L)    hl 

350       1 
(ug/L)   ++ 

(ug/L)    h 

1  100-300    1 
(ng/L)   h*| 

DWSP 

DETECTION 

LIMIT 

0.001 
(mg/L) 

0.001 

(mg/L) 

0.002 
(mg/L) 

0.001 
(mg/L) 

0.001 
(mg/L) 

(ug/L) 

1  1 
(ug/L) 

(ug/L) 

1  1 
(ug/L) 

1 



2 

- 

0.155 
0.155 

0.009 
0.005 

2.0 

z 
z 

0.140 
0.140 

X 

«a: 

X 

0.170 
0.180 

0.003 
0.002 

0.012 
0.013 

2.0 
2.0 

o» 

o 

< 

0.150 
0.160 

0.004 
0.005 

i 

X 

<: 
z 

03 

N—3 

z 

5 

Z 

1       ^M  1            1             1             1             1                     1             1             1 

00 
2 

^«.-vO^i                   1                   1— <           ,    ^  ^     1                                 1                    1    ^^    1 

1    1    1     .    .   1             1             Il                      1             1     1     1     1 

1    o  o     1                  1                  1                  1                  1                              1                  1                  1 

z 

X 

X 

< 
z 

— j 
< 

H- 
LU 

Z 

■o 

c 
o 
u 

Selenium            R 
(mg/L)              T 

Strontium            R 
(mg/L)              T 

Tin                R 
(no  units  available)    T 

Uranium             R 
(mg/L)              T 

Vanadium             R 
(mg/L)              T 

Zinc                R 
(mg/L)              T 

PURGEABLES 

Benzene             R 
(ug/L)              T 

Bromoform            R 
(ug/L)               T 

Carbon  Tetrachloride    R 
(ug/L)              T 

Chlorobenzene         R 
(ug/L)              T 

o 

O) 

o» 


C 
O 

o^ 

o 
ui 
ui 

m 
< 

I- 


DRINKING 
WATER  OBJ, 

LU 

z 

LU 

a 

O 

350 

(ug/L)   ++ 

350 

(ug/L)   ++ 

400 

(ug/L)    e 

400 

(ug/L)    e 

400 

(ug/L)    e 

350 

(ug/L)   +t 

10 

(ug/L)    h 

0.3 

(ug/L)    h 

OWSP 
)ETECTION 

^_ 

— i 

31             3"             31             31             31             31             31             3i             3l             3 

00 
o» 

8.62 
14.38 

9.75 

i 

5.00 
10.00 

6.00 

X 
X 

13.00 
18.00 

11.00 

00 

«c 

16.00 
20.00 

14.00 

X 

X 

< 

X 

00 

z 

X 

<: 

X 

00 

< 

(1) 
3.0( 

-d) 
11.0 

X 

X 

< 
X 

1 

1 

1        PURGEABLES 
1         (cont'd.) 

i  Chlorodlbrofflomethane    R 
1  (ug/L)              T 

1  Chloroform           R 
1  (ug/L)              T 

1  l,2-01chloroben2ene    R 
1  (ug/L)              T 

1  1,3-Dichlorobenzene    R 
1  (ug/L)              T 

1  1,4-Dlchlorobenzene    R 
1  (ug/L)              T 

1  Dlchlorobromomethane    R 
1  (ug/L)              T 

1  l.l-Dlchloroethane     R 
1  (ug/L)              T 

1  1,2-Dichloroethane     R 
1  (ug/L)              T 

1  1,1-Dichloroethylene    R 
1  (ug/L)               T 

1  T,l,2-Dichloroethylene  R 
1  (ug/L)              T 

00 


o 
o; 


C 
O 
u 


UJ 

m 
< 


DRINKING 
WATER  OBJ. 

LU 

z 

LU 

a 

40 

(ug/L)    c 

1400 
(ug/L)    e 

620 

(ug/L)    c 

620 

(ug/L)    c 

620 

(ug/L)    c 

100 

(ug/L)    c 

1.7 

(ug/L)    e 

10 

(ug/L)    h 

DUSP 

DETECTION 

LIMIT 

^(      ^1      _JI          1      ^1      ^1      -Jl      ^1      ^1      ^ 

to 
CO 

«C 

1   1   1   1   1   1   1   1   1   l   1   1   1   t   1   1   1   1   1   )   1   1   1   1   1   1   1 

z 

X 

2 

3» 
•< 

1   1   1   1   r   1   1         r   1   1   1   1   1   1   1   1   1   1   1   1   t   1   1   1   1 

Z 

X 

<< 

Z 

CO 

•< 

i 

X 

«i 

Z 

m 
00 
0< 

1         1         1         1         1         1         1         1         III 

z 
1— • 

z 

X 

<: 
z 

1 

1        PURGEABLES 
1         (cont'd.) 

i  Oichloromethane       R 
1  (ug/L)              T 

I  1,2-Dichloropropane     R 
1  (ug/L)              T 

1  Ethylbenzene          R 
1  (ug/L)              T 

1  Ethylene  Dibromide     R 
1  (ug/L)              T 

1  M- Xylene             R 
1  (ug/L)              T 

1  0-Xylene             R 
1  (ug/L)              T 

1  P-Xylene             R 
1  (ug/L)              T 

1  Toluene             R 
1  (ug/L)              T 

1  1,1,2,2-Tetra-         R 
1  chloroethane  (ug/L)     T 

1  Tetrachloroethane      R 
1  (ug/L)               T 

00 


o 
00 

■a 

o. 


C 
O 

_o 

o 
iri 

LU 

a 

< 


DRINKING 
WATER  OBJ, 
GUIDELINE^ 

1000 
(ug/L)    c 

(ug/L)    e 

30 

(ug/L)    h 

350 

(ug/L)   ++ 

700 

(ng/L)   ** 

700 

(ng/L)    c 

1  700 
(ng/L)  *** 

300 

(ng/L)    c 

1  700 
(ng/l)   ** 

DWSP    1 
lETECTION  1 

t— 

X 

_j 

^^1             ^nI            ^.i            ^^I             ^I                            ^*I            ^^1             ^^1             "^'             ^^ 
31             31             31             31             31                           Cl             Cl             Cl             Cl             C 

UJ 

CO 
(3\ 

<: 

1                     1                     1           O     1                     1                                   1                     1                     1                     1 

1                     1                     1           O     1                     1                                   1                     1                     1                     < 

1       1       1       1       1       1       1       1       1       1        .     1       1       1       1                     1       1       1       1       1       1       1       1       1       1       1       1       1       1 

1                1                1         n    1                1                           1                1                1                1 

i 

1                1                1         O    1                1                           1                1                1                1 
1                   1                   1           O     1                   1                                1                   1                   1                   1 
1                1                1*1                1                           1                1                1                1 
1                 1                 1         r>>    1                 1                            1                 1                 1                 1 

1                      1                      1            CNi     1                      1                                     1                      1                      1                      1 

5 

z 

1                 1                 1         a    1                 1                            1                 1                 1                 1 

1                 1                 1^1                 1                            1                 1                 1                 1 

..H 

<: 

1                  1                  1          O     1                  1                              1                  1                  1                  1 

1                   1                   1           o     1                   1                                1                   1                   1                   1 

1      1      1      1      1      1      1      1      1      1        .     1      1      1      1                   1      1      1      1      1      1      1      1      1      1      1      1       1       1 

1                   1                   1          o     1                   1                                1                   1                   1                   1 

X 

X 

X 

00 

^^ 

m 
00 

<: 

z 

X 

X 

1              iiiiicMi              1              iiiminiiiiiiiii 

i 

X 

1                        1 
1        PURGEABLES       1 
1         (cont'd.)        1 

1.1,1-Trichloroethane   R 
1  (ug/L)              T 

1  1,1,2-Trichlûroethane   R 
(ug/L)              T 

Trichloroethylene      R 
(ug/L)              T 

Total  Trihalomethanes   R 
1  (ug/L)              T 

1  Trif luorochloro-       R 
1  toluene  (ug/L)        T 

1  GRGANOCHLÛRINES 

1  Aldrln               R 
1  (ng/L)              T 

1  Alpha  BHC            R 
1  (ng/L)               T 

1  Alpha  Chlordane        R 
1  (ng/L)              T 

1  Beta  BHC             R 
1  (ng/L)              T 

1  Dieldrin             R 
1  (ng/L)              T 

o 

01 


C 

o 
u 


in 


m 
< 


drinking 
water  obj, 
guideline' 

200 
(ng/L) 

700 

(ng/L)   *** 

3000 
(ng/L)   +++ 

3000 
(ng/L)   +++ 

10 

(ng/L)    h 

19000 
(ng/L)    e 

4000 
(ng/L) 

100000 
(ng/L) 

DUSP 
DETECTION 

_l 

^1              ^1              ^1              .11              .il                        1              .il              .il              -Jl              .i 

^    1              C^    1              0>    1              Q>    1              O)    1                      1              ^    >              ^    I              Q)    1              O^ 

Cl             Cl             Ct             Cl             Cl                     1             Cl             Cl             Ct             c 

2 

< 

1       1       1       1       1       r                     1       1       1       1       1       1       1       1       1       )       1       1       1       1       1       1       1       1       1       1       1 

i 

1 

00 

«c 

1       1       1       1       1       1                     1       1       1       i       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1       1 

Z 

X 

CO 

•< 

i 

X 

en 

2 

1      1      1      1      1      1       1       1       1       1      1      1      1       1      1      1      1      1                   1                   1      1      1      1      i      1 

z 

1                   1                    1                   1                    1                   1                   1                   1                   1 

<: 

LU 

Z 

(3£ 
O 

— i 

< 
o 

■o 

-M 
c 
o 

u 

Endrin               R 
(ng/L)               T 

Gamma  Chlordane       R 
(ng/L)              T 

Heptachlor  Epoxide     R 
(ng/L)              T 

Heptachlor           R 
(ng/L)              T 

Hexachlorobenzene      R 
(ng/L)              T 

Hexachlorobutadlene    R 
(ug/L)               T 

Hexachloroethane       R 
(ng/L)               T 

Lindane              R 
(ng/L)               T 

Methoxychlor          R 
(ng/L)               T 

Mirex               R 
(ng/L)               T 

o 
a 


O) 


C 

o 
o 

U) 

LU 

< 


drinking 
water  obj, 
guideline' 

30000 
(ng/L)    d 

3000 
(ng/L)    l 

74000 
(ng/L)    e 

d 

d 

d 

z 
o 

^ 

Dusr 

0ETEC1 
LIM 

CT>    1              CT    1              m    1              O^    1              0>    1              CTÏ    1              0>    1              Oï    1              CT^    1              o> 
Cl            Cl            CiOCi            Cl            Cl            Cl            Cl            Cl            c 

«0 

CO 

o» 

C3 

r» 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1               1     1     1     1     1     1     1     1     1     1     1     1 

i 

X 

< 

1              1              1              1              1               1              1              1              1 

to 
03 
O» 

:> 

1     1     1     1     1     1     1     1     1     1     1     1     1     1     1               1     1     1     1     1     1     1     1     1     1     1     1 

z 
X 

X 

CO 

<: 

z 

X 

X 

< 
X 

os 

1     1     1     1     1     1     1     1     1     1               1     1     1     1     1     1     1     1     1     1               1 

X 

X 

•< 

X 

1 

1       ÛRGANOCHLORINES 

1         (cont'd.) 

i  Octachlorostyrene      R 
1  (ng/L)              T 

1  O.P-DDT              R 
1  (ng/L)               T 

1  Oxychlordane          R 
1  (ng/L)              T 

PCB  Total            R 
(ng/L)              T 

Pentdchlorobenzene     R 
l  (ng/L)              T 

P.P-DDD             R 
(ng/L)              T 

1  P.P-DDE              R 
(ng/L)               T 

1  P.P-DDT              R 
1  (ng/L)              T 

1  l,2.3.4-Tetra-        R 
1  chlorobenzene  (ng/L)    T 

1  1,2,3,5-Tetra-        R 
1  chlorobenzene  (ng/L)    T 

CO 

o 


10 


c 
o 
o^ 

o 
la 

UJ 

-J 
a 
< 


DRINKING   1 
WATER  OBJ,  1 
GUIDELINE^  1 

38000      1 
(ng/L)    el 

74000      1 
(ng/L)   edi 

74000      1 
(ng/L)   edI 

10000      1 
(ng/L)    y| 

1  15000      1 
(ng/L)    yl 

1  10000      1 
1  (ng/L)    yl 

1  10000 

1  (ng/L)    y 

z 
o 

h— 

DUSP 
DETECT 

Z 
— i 

_il       1^  \       _il       _il            1       -II       -11       ji       -j^i       -J 

OÏI              oil              oil              0»l                      1              Wtl              CTl              O'l              ^1              ^ 

Ci            Ci            Ci            Ci                   i            Ci            Ci            Ci            Ci            C 

—  O'lfviv^iv-^i^  — '  1                iifi^.»iLO>-*iLn>^iLn^'im^-' 

—  — -     1 

CO 

1     1     1     1     1     1     1     1     1     1     1     1               1 ' 

X 

X 

LO 

CO 

II Ill               I 

i 

X 

< 

X 

C3 

< 

X 

X 

<*: 

X 

CO 

X 

X 

•< 

X 

1                          ! 

1       ORGANÛCHLORINES     1 
1         (cont'd.)        1 

1  1,2.4,5-Tetra-         R  1 
1  chlorobenzene  (ng/L)    T 

1  Thiodan  I            R 
1  (ng/L)               T 

1  (ng/L)               T 

1  Thiodan  Sulphate       R 
1  (ng/L)              T 

1  Toxaphene            R 
1  (no  units  available)    T 

1  l,2,3-Tr1chloroben2ene  R 
1  (ng/L)              T 

1  1,2,4-Trlchlorobenzene  R 
1  (ng/L)              T 

1  1,3,5-Trlchlorobenzene  R 
1  (ng/L)              T 

1  2,3,6-Trlchlorûtoluene  R 
1  (ng/L)              T 

1  2,4,5-Trlchlorotoluene  R 
1  (ng/L)              T 

Œ 


O 
CM 


Ol 

ai 

a. 


c 

O 

O 


CQ 
< 


O  -3 

Z  CD 
—  O 

Z  a: 

•— •  UJ 

a  <« 

3 

ij_i 
z 

Lu 

Q 

46000 
(ng/L)     ! 

10000 
(ng/L)    ! 

1000 
(ng/L)    ! 

DWSP 

DETECTION 

LIMIT 

5 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

100 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

50 
(ng/L) 

LO 

CO 

< 

1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1     1  1  1  1  1  1  1  1  1 

X 

X 

«c 

LO 

CD 

ï 

1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  t     1  1  1  1  1  1  1  1  1 

z 
X 

X 

< 

X 

00 

ï 

z 

X 

X 

< 

00 
o» 

z 
X 

X 
X 

LU 

Z 

PVI 

< 

t— 

00 

LU 

z 
< 
t— 

1  2,6,A-Trichlorotoluene  R 
1  (ng/L)              T 

Alachlor             R 
(ng/L)              T 

Ametrine             R 
(ng/L)              T 

Atratone             R 
(ng/L)              T 

1  Atrazine             R 
1  (ng/L)              T 

1  Bladex              R 
1  (ng/L)              T 

1  Metolachlor          R 
1  (ng/L)              T 

1  Prometone            R 
1  (ng/L)              T 

1  Prometryne           R 
1  (ng/L)              T 

1  Propazlne            R 
1  (ng/L)              T 

o 

CO 


01 

o> 

IS 


c 

O 
O 

là 

LU 

ta 
< 


DRINKING   1 
WATER  OBJ,  1 

guideline'  I 

10000      1 
(ng/L)    !| 

IOÛOOO     1 
(ng/L)     1 

18000      1 
(ng/L)    !| 

87000      1 
(ng/L)    !| 

10000      1 
(ng/L)    hl 

1  10000      1 
1  (ng/L)     1 

Z 

o 

1— 

Il                                      1                      1                      1                       1                      1                      '                       1 
Il                                      1                       1                       1                       1                      1                      '                       1 
Il                                      1                       1                       1                       1                      1                      1                       ' 
Il                                      1                      1                       l                       1                      1                      '                      ' 

DWSP 
DETECT 

3C 
— i 

100 
(ng/L) 

50 
(ng/L) 

100 
(ng/L) 

200 
(ng/L) 

100 
(ng/L^ 

50 
(ng/L 

100 
1  (nq/L 

1  100 
1  (ng/L 

1  50 
1  (nq/L 

1  50 
1  (ng/L 

—  1 

00 

< 

1    1    1    1    1    1            III            1    1    1    1    1    1    1            1    1    1    1    1    1    1    1    1 

X 

X 

1 

Lf) 

00 

Ol 

5 

< 

1    1    1    1    1    1            111            1            1            1            1            1            1 

z 

3E 

X 

00 

< 

Z 

X 

«c 

< 

z 

X 

< 

X 



1                          ! 

1         TRIAZINES       1 
1         (cont'd.)        1 

1                      1 
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1      GENERAL  CHEMISTRY    | 

1         (cont'd.) 

Phosphorus  (Total)     R 
(mg/L)              T 

1  Sodium              R 
(mg/L)              T 

1  Total  Solids          R 
1  (mg/L)              T 

1  Turbidity            R 
1  (FTU)                T 

1  METALS 

i  Aluminum             R 
1  (mg/L)              T 

1  Arsenic              R 
1  (mg/L)              T 

1  Barium               R 
1  (mg/L)              T 

I  Beryllium            R 
1  (mg/L)               T 

1  Boron                R 
1  (mg/L)              T 

1  Cadmium              R 
1  (mg/L)               T 
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1                         METALS 
1                      (cont'd.) 

1   Chromium                                R 
1    (mg/L)                                    T 

Cobalt                                   R 
(mg/L)                                   T 

Copper                                    R 
(mg/L)                                    T 

Cyanide                                  R 
(mg/L)                                   T 

Iron                                          R 
t    (mg/L)                                    T 

1   Lead                                        R 
1    (mg/L)                                   T 

1  Manganese                              R 
1   (mg/L)                                   T 

1  Molybdenum                           R 
1    (mg/L)                                   T 

1   Mercury                                    R 
1    (ug/L)                                   T 

1   Nickel                                    R 
1    (mg/L)                                   T 
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APPENDIX  B 
FriTER  BACKWASHING  GUIDELINES  AND  PROCEDURE 


NIAGARA  FALLS  WATER  PLANT 
GUIDELINE  FOR  BACKWASHING  FILTERS  IN  SECTION  NO.  1 


This  guideline  is  for  the  consecutive  backwashing  of  both  components,  A  and  B, 
of  the  dual  filters  in  Section  No.  1. 


STEP 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 

24 
25 


FILTER  "A' 


FILTER  "B" 


Start  an  additional  Low  Lift  pump  if  the  raw  water  flow  rate  is  near  the 
total  capacity  of  the  ones  that  are  already  running. 

Close  INFLUENT  valve  (hold  toggle).   Close  INFLUENT  valve. 

Shut  off  EFFLUENT  by  adjusting 
filter  of  flow  to  zero. 


Open  DRAIN  valve. 


Turn  on  AGITATOR. 

Open  WASH  valve. 

Turn  WASH  PUMP  selector  to  LOW. 


Open  DRAIN  valve. 

Turn  on  AGITATOR. 

Turn  WASH  PUMP  selector  to  LOW. 

Open  WASH  valve. 

Turn  WASH  PUMP  selector  to  HIGH. 

Turn  off  AGITATOR. 

Turn  WASH  PUMP  selector  to  LOW. 


Close  WASH  valve. 

Turn  WASH  PUMP  selector  to  OFF. 

Close  DRAIN  valve. 

Crack  open  INFLUENT  valve.  Turn  WASH  PUMP  selector  to  HIGH. 

Turn  off  AGITATOR. 

Turn  WASH  PUMP  selector  to  LOW. 

Turn  WASH  PUMP  selector  to  OFF. 

Close  WASH  valve  when  backwash 
water  stops. 

Close  DRAIN  valve. 

Crack  open  INFLUENT  valve. 

When  water  level  stabilizes,  fully    Fully  open  INFLUENT  valve, 
open  INFLUENT  valve. 

Set  EFFLUENT  rate  of  flow  to  5056. 

Stop  Low  Lift  pump,  if  one  was  started  just  for  backwashing  filters. 


Backwash  procedure  for  Section  2  is  the  same  except  the  filters  are  not 
paired. 
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GRAPHICAL  TURBIDITY  DATA 
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APPENDIX  D 
JAR  TESTING 


NIAGARA  FALLS 
Jar  Test  Procedure 

The  MSTS  test  procedure  that  was  used  for  all 
testing  carried  out  on  Niagara  Falls  raw  water  was 
as  follows: 

1.  Two  hundred  mL  sample  used. 

2.  Two  minutes  fast  mix. 

3.  Thirty  minutes  flocculation  mixing. 

4.  Thirty  minutes  settling  time. 

5.  Filtration  through  a  Whatman  glass  microfibre 
filter,  followed  by  1.2  urn  filter. 

The  MSTS  test  procedure  is  a  technique  developed  by 
Gore  &  Storrie  Limited  which  has  been  shown  to 
provide  overall  results  similar  to  full  scale 
conventional  plant  operations  consisting  of 
coagulation,  flocculation,  sedimentation  and  dual 
media  filtration. 


Gore  &  Storrie  Limited 
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LABORATORY  RESULTS  SHEET 


IdATE       IPROJECT  DESCRIPTION                      1  JOB  NO.  1 

II  II 
122  Nov.  86IMOE  Water  Plant  Optimization  Study  1380.61  1 
1          1  Niagara  Falls  WTP                     1        | 

1  SAMPLE  NO.  &  DESCRIPTION  1 
11.  Niagara  Falls  raw  water  (collected  Nov.  6/85)           | 

1  D  oa  r  c  i SAMPLE  1  SAMPLE  1  SAMPLE  [SAMPLE  1 
1          PARAMETERS        |N0.  1   INO.      I  NO .      1  NO .     1 

IpH  1  7.511  1  1  1 
IColour  (TCU)  •  1  <5  1  1  1  1 
iTurbidity  (NTU)  1  1.2  1  1  1  I 
lAlkalinity  (mg/L  as  CaC03)l  98  1  1  1  I 
iHardness  (mg/L  as  CaC03 )  1  139  III! 
1  Iron  (mg/L)  1  1  1  1  1 
iManganese  (mg/L)          1        1        1        1        1 

1  COMMENTS                                                   1 

1  CONDUCTED  BY   ^^f'^'r^  ^'^^    |  REVIEWED  BY  ^^  ^-^          | 

Gore  &  Storrie  Limited 


TEST   NO.     1 


WATER  TREATABILITY  RESULTS  SHEET 


IdATE       JPROJECT  DESCRIPTION                         IjOB  NO. 1 

I  IMOE  Water  Plant  Optimization  Study  I  | 
122  Nov.  86|Niagara  Falls  WTP                         1380.61  1 

II  II 

ItEST  DESCRIPTION  1 
iRemoval  of  Turbidity  with  Alum                               | 

1  1  CHEMICAL  DOSAGES  1  | 
iJARl       (mg/L)        1       WATER  QUALITY  AFTER  TREATMENT     I 

iNO.lAlum  iFloc  i  1  iTurb.  iColourl  Alk.  I  Hard.l  | 
1    1      iRatinq      1  P"  l(NTU)  1 (TCU)  1 (mq/L) 1 (mq/L) 1       | 

1     1       1      I      1      1        1        1        1        1        1 

1  1  1  5  1  5  1  17.481  0.26  1  <5  1  90  1  130  1  | 
1  2  1  10  1  5  1  17.431  0.15  I  <5  1  86  1  130  1  | 
1  3  1  15  1  4  1  17.331  0.15  1  <5  i  80  1  130  1  •  I 
1  4  1  20  1  4  1  17.251  0.16  1  <5  1  78  1  131  1  | 
1  5  1  25  1  4  1  17.30!  0.14  1  <5  1  76  1  131  1  I 
1  6  1  30   1   3   1      17.151  0.18  1   <5   1  74    1   130  1       I 

1  RAW , UNTREATED         | 7. 51  |  1.2   |   <5   '  98       139 

1  SAMPLE  TEMPERATURE        Start:       9°C      Finish:      23°C 

COMMENTS  1 
jFloc  Rating   1-  very  good                                  I 

1              2-  good                                        '1 

1              3-  poor                                        1 

1             4-  very  poor                                  j 

1              5-  no  floe                                     1 

1  CONDUCTED  BY   ^)^^*^^>^  ^'^^^i^     |  REVIEWED  BY  J^;^,            | 

I 
i 


APPENDIX  E 
DAILY  LOG 


APPENDIX  F 
DRAWINGS 
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TERMS  OF  REFERENCE 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE 


Purpote 

To  review  the  present  conditions  and  detemlne  an  optlauw  treatment  strategy  for 
contaminant  removal  at  the  plant,  with  emphasis  on  particulate  materials  and 
disinfection  processes. 

V^ork  Tasks 

1.  Receive  a  package  of  available  Information  on  the  plant  from  the  MOE. 
Review  the  Information  provided  and  meet  with  the  MOE  staff  to  discuss  the 
project. 

2.  Document  the  quality  and  quantity  of  raw  and  treated  waters.  Along  with 
Work  Task  3,  send  a  progress  report  to  the  Project  Committee  at  the 
conclusion  of  this  work. 

3.  Define  the  present  treatment  processes  and  operating  procedures.  Along 
with  Work  Task  2.  send  a  progress  report  to  the  Project  Committee  at  the 
conclusion  of  this  work. 

4.  Assess  methods  of  efficient  particulate  removal  which  would  utilize  the 
present  major  capital  works  of  the  plant.  Evaluate  the  particulate  removal 
efficiency  and  sensitivity  of  operation,  assuming  optimum  performance  of 
the  plant.  Along  with  Work  Task  5,  send  a  progress  report  to  the 
Project  Coimlttee  at  the  conclusion  of  this  work. 

5.  Assess  methods  which  would  improve.  If  necessary,  the  disinfection 
practices  of  the  plant,  keeping  In  mind  a  desire  to  minimize  the  production 
of  chlorinated  by-products  In  the  treated  water.  Along  with  Work  Task  4, 
send  a  progress  report  to  the  Project  Committee  at  the  conclusion  of  this 
work. 

6.  Describe  possible  short  and  long-term  process  modifications  to  obtain 
optimum  disinfection  and  contaminant  removal,  with  emphasis  on  particulate 
removal  and  a  desire  to  minimize  the  production  of  chlorinated  by-products. 
Meet  with  the  Project  Comnlttee  at  the  conclusion  of  this  work  to  review 
the  report  information. 

7.  Prepare  7  copies  of  the  draft  report  and  submit  to  the  Project  Committee. 

8.  Review  the  Project  Comnlttee' s  comments  and  prepare  25  copies  of  the  final 
report. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  Vy^ORK  TASK  NO.  1 


1.  RECEIVE  A  PACKAGE  OF  AVAILABLE  INFORMATION  ON  THE  PLANT  FROM  THE  MOE. 
REVIEW  THE  INFORMATION  PROVIDED  AND  MEET  WITH  THE  MOE  STAFF  TO  DISCUSS  THE 
PROJECT. 

Elements  of  Work 

(a)  Receive  a  package  of  available  Infomatlon  fron  the  MOE  concerning  the 
plant. 

(b)  Review  the  Information  and  otherwise  prepare  for  a  «leetlng  to  Initiate  work 
on  the  project.  Including  preparation  of  a  schedule  of  manpower  and  staff 
requirements. 

(c)  Meet  with  the  MOE  to  discuss  the  available  data,  the  terms  of  reference, 
and  the  project  staff  and  work  schedule. 
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WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO  2 


2.  DOCUMENT  THE  QUALITY  AND  QUANTITY  OF  RAW  AND  TREATED  WATERS.  ALONG  WITH 
WORK  TASK  3.  SEND  A  PROGRESS  REPORT  TO  THE  PROJECT  CWfUHEE  AT  THE 
CONCLUSION  OF  THIS  WORK. 

Elements  of  Work 

(a)  Tabulate  the  dally  raw  and  treated  water  flows  for  the  last  three 
consecutive  years. 

(b)  Document  the  wethods  of  measuring  the  raw  and  treated  water  flow  rates,  and 
assess  the  validity  of  the  records. 

(c)  Prepare  a  monthly  sumnary  of  maximum,  minimum,  and  average  flows  for  the 
three  years.  Address  any  discrepancies  which  exist  between  raw  and  treated 
flow  rates. 

(d)  Review  and  assess  the  monthly  maximum,  minimum,  and  average  per  capita  flow 
for  the  three  years.  Compare  the  plant  data  with  typical  per  capita  flows 
for  the  local  region. 

(e)  Document  a  summary,  based  on  at  least  three  years  of  data,  of  the  raw  and 
treated  water  quality  testing  data  for  physical,  microbiological, 
radiological,  and  chemical  water  quality  Information.  Document  as  much 
data  as  Is  needed  to  show  possible  seasonal  trends  In  water  quality.  Where 
possible,  show  corresponding  sets  of  raw  and  treated  water  quality 
Information.  Document  the  source  and  methods  used  In  determining  all  water 
quality  Information.  Assess  the  validity  of  the  data,  comparing  plant  and 
outside  laboratory  data. 

(f)  Tabulate,  for  the  last  three  consecutive  years,  where  available,  raw  and 
treated  water  turbidity,  residual  aluminum,  pH,  and  colour.  Record  other 
data,  such  as  particle  counting,  suspendea  solids,  an'i  algae  counting, 
which  could  reflect  on  particulate  removal  efficiency.  These  data  should 
be  used  for  assessment  of  the  particulate  removal  efficiency  of  the  plant. 
Document  the  source  and  methods  used  In  determining  all  information.  A 
comparison  should  be  made  between  the  plant  and  outside  laboratory 
Information  to  ascertain  the  relative  validity  of  the  data.  For  plant 
data,  emphasis  should  be  given  to  plant  laboratory  tests  rather  than 
continuous  process  control  Instruments. 

(g)  Tabulate,  for  the  last  three  consecutive  years,  the  raw  water  bacterial 
test  Information  at  the  plant.  Also  tabulate  the  corresponding  treated 
water  tests  at  the  plant  wnich  register  positive  results.  Document  the 
source  and  methods  used  for  all  data  provided.  This  information  should  be 
used  to  assess  the  effectiveness  of  the  disinfection  practices  at  the 
plant. 


WORK  TASK  NO.  2  (cont'd  ) 


(h)  Identify  «rxJ  recwwBcnd  other  water  quality  concerns,  not  related  to 
particulate  removal  or  disinfection,  which  should  be  considered  as  part  of 
the  tssessffient  phase  of  this  evaluation  program. 

(1)  Subnit  a  progress  report  to  the  Project  Committee. 
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WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  3 


3.  DEFINE  THE  PRESENT  TREATMENT  PROCESSES  AND  OPERATING  PROCEDURES.  ALONG 
WITH  WORK  TASK  2,  SEND  A  PRXRESS  REPORT  TO  THE  PROJECT  CWWinEE  AT  THE 
CONCLUSIONS  OF  THIS  WORK. 

Elements  of  Work 

(a)  Where  drawings  are  available,  assemble  sufficient  record  drawings,  of  a 
reduced  size,  to  document  the  general  site  layout  and  the  interrelationship 
of  iiajor  plant  components.  If  not  already  available,  prepare  a  process  and 
piping  diagram  (PAPD)  of  the  plant  operations. 

(b)  Prepare  a  simplified  block  schematic  of  the  major  plant  components. 

(c)  Prepare  a  photographic  record  of  the  plant  facilities.  Illustrating  all  of 
the  najor  plant  components  and  chemical  feed  systems. 

(d)  Tabulate  the  design  parameters  for  all  of  the  major  plant  components,  with 
emphasis  on  the  process  operations,  including  chemical  feeds.  This 
Information,  as  a  minimum,  must  be  consistent  with  the  DWSP  Questionnaire 
and  must  be  confirmed  and  verified  by  field  observations. 

(e)  Prepare  a  brief  summary  of  how  the  plant  Is  operated.  Including  chemical 
dosage  control,  such  as  jar  testing  information,  filter  backwashing 
procedures  and  Initiation,  and  pumping  and  flow  control. 

(f)  Document  and  assess  any  reported  problems  in  plant  operations  and/or  In  the 
distribution  system  related  to  water  quality. 

(g)  Tabulate  the  dally  average  chemical  dosages  for  the  last  three  consecutive 
years.  Document  the  methods  used  to  evaluate  chemical  dosages  and 
establish  the  validity  of  the  dosage  Information  provided. 

With  regard  to  disinfection,  tabulate  the  dosages  of  chlorine  and 
disinfection-related  chemicals  such  as  chlorine  dioxide.  In  addition, 
provide  corresponding  data  on  disinfectant  residuals  in  the  plant,  such  as 
free  and  total  chlorine  residuals.  Also,  provide  chlorine  demand  tests 
where  available.  Again,  document  the  methods  of  dosage  evaluation  and 
residual  measurements,  and  establish  the  validity  of  the  data  provided. 

(h)  Submit  a  progress  report  to  the  Project  Comnittee. 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  WORK  TASK  NO.  4 


4.  ASSESS  METHODS  OF  EFFICIENT  PARTICULATE  REMOVAL  WHICH  WOULD  UTILIZE  THE 
PRESENT  MAJOR  CAPITAL  WORKS  OF  THE  PLANT.  EVALUATE  THE  PARTICULATE  REMOVAL 
EFFICIENCY  AND  SENSITIVITY  OF  OPERATION,  ASSUMING  OPTIMUM  PERFORMANCE  OF 
THE  PLANT.  ALONG  WITH  WORK  TASK  5,  SEND  A  PROGRESS  REPORT  TO  THE 
PROJECT  COttilTTEE  AT  THE  CONCLUSION  OF  THIS  WORK. 

Elements  of  Work 

(a)  Using  Infomatlon  provided  In  Work  Tasks  1  and  2,  evaluate  the  plant's 
particulate  removal  efficiency.  The  basis  of  «Inlnum  particulate  removal 
should  be  1.0  FTU,  which  Is  the  maximum  acceptable  concentration  of  the 
Ontario  Drinking  Water  Objectives  (Table  1,  page  2,  Ontario  Ministry  of  the 
Environment,  Revised  1983).  It  should,  however,  be  recognized  that  It  Is 
desirable  to  strive  for  an  operational  level  which  Is  as  low  a  turbidity 
level  as  is  achievable. 

(b)  Conduct  an  evaluation  of  possible  optimum  performance  alternatives. 
Including  jar  testing  of  plant  water  samples. 

(c)  Evaluate  the  feasibility  of  optimum  removals  using  the  existing  plant 
capital  works.  This  evaluation  should  consider  the  worst  case  water 
quality  conditions,  even  though  field  testing  data  may  not  be  available 
during  the  Initial  phase  of  the  study  (see  Work  Task  7). 

(d)  Describe  the  operational  procedures,  management  strategies,  and  equipment 
required  for  various  feasible  alternatives.  Estimate  chemical  dosages, 
level  of  operational  expertise,  and  sensitivity  of  operation  of  the 
alternatives. 

(e)  Report  to  the  Project  Conmlttee. 


1 


WATER  PLANT  OPTIMIZATION  STUDY 

PLANT  INVESTIGATION  AND  PROCESS  EVALUATION  STUDY 

TERMS  OF  REFERENCE  -  V^ORK  TASK  NO.  B 


5.  ASSESS  METHODS  WHICH  WOULD  IMPROVE,  IF  NECESSARY.  THE  DISINFECTION 
PRACTICES  OF  THE  PLANT.  KEEPING  IN  MIND  A  DESIRE  TO  MINIMIZE  THE  PRODUCTION 
OF  CHLORINATED  BY-PRODUCTS  IN  THE  TREATED  WATER.  ALONG  WITH  WORK  TASK  4, 
SEND  A  PROGRESS  REPORT  TO  THE  PROJECT  COMMIHEE  AT  THE  CONCLUSION  OF  THIS 
WORK. 

Elements  of  Work 

(a)  Using  the  Information  provided  In  Work  Tasks  1  and  2.  evaluate  the  plant's 
ability  to  disinfect  the  water.  The  basis  of  minimum  disinfection  should 
be  to  ensure  a  water  quality  as  described  In  the  Ontario  Drinking  Water 
Objectives  (Ontario  Ministry  of  the  Env1ror«ent,  Revised  1983). 

(b)  Conduct  an  evaluation  of  possible  optimum  disinfection  procedures  for  the 
plant,  with  consideration  also  given  to  the  reduction  of  chlorinated 
by-products  In  the  treated  water. 

(c)  Evaluate  the  feasibility  of  the  various  alternatives  using  the  existing 
plant  capital  works.  Estimate  the  Initial  and  final  levels  of  chlorinated 
by-products  for  the  various  alternatives.  Assess  the  relative  merits  of 
the  alternatives. 

(d)  Describe  the  operational  procedures,  management  strategies,  and  equipment 
required  for  the  feasible  alternatives.  Estimate  chemical  dosages,  level 
of  operational  expertise,  and  sensitivity  of  operation  for  the 
alternatives. 

(e)  Report  to  the  Project  Comnlttee. 
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TERMS  OF  REFERENCE  -  V^ORK  TASK  NO.  6 


6.  DESCRIBE  POSSIBLE  SHORT  AND  LONG-TERM  PROCESS  MODIFICATIONS  TO  OBTAIN 
OPTIMUM  DISINFECTION  AND  CONTAMINANT  REMOVAL.  WITH  EMPHASIS  ON  PARTICULATE 
REMOVAL  AND  A  DESIRE  TO  MINIMIZE  THE  PRODUCTION  OF  CHLORINATED  BY-PRODUCTS. 
MEET  WITH  THE  PROJECT  COMMITTEE  AT  THE  CONCLUSION  OF  THIS  WORK  TO  REVIEW 
THE  REPORT  INFORMATION. 

Elements  of  Work 

(a)  It  Is  not  the  purpose  of  this  study  to  provide  a  detailed  implementation 
scheme  for  plant  rehabilitation.  It  is,  however,  necessary  to  scope  the 
feasible  short  and  long-term  process  modifications  required  to  achieve 
optimum  disinfection  and  contaminant  removals. 

Prepare  a  list  of  modifications  which  should  be  considered  for  detailed 
implementation  evaluation.  Provide  an  estimated  cost  for  each  of  the 
proposed  modifications. 

(b)  Prepare  a  schedule  for  the  list  of  modifications. 

(c)  Meet  with  the  Project  Conmlttee  at  the  plant  site  to  review  the  proposed 
modifications. 
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7.   PREPARE  7  COPIES  OF  THE  DRAFT  REPORT  AND  SUBMIT  TO  THE  PROJECT  COIflinEE. 
Elements  of  Work 

(a)  The  report  iwst  Include  all  the  Infomatlon  reported  previously  In  the 
study.  The  Inforwatlon  must  be  organlred  and  presented  In  a  logical  and 
co-ordinated  fashion. 

A  general  table  of  contents  will  be  provided  for  organizing  the  «aterlal  In 
a  «anner  consistent  with  other  plant  reports. 

(b)  Submit  the  draft  report  to  the  Project  Committee  for  review. 

(c)  Prepare  a  separate  letter  report  containing  a  recommendatlon(s)  concerning 
the  need  for  additional  field  testing  to  cover  water  quality  conditions  not 
available  during  the  period  of  this  study.  The  Project  Conmlttee  may 
decide  to  delay  completion  of  the  final  report  until  field  data  can  be 
obtained  to  confirm  the  predictions  of  performance  for  the  worst  case  water 
conditions. 
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8.  REVIEW  THE  PROJECT  COWIHEE'S  COJf^ENTS  AND  PREPARE  25  COPIES  OF  THE  FINAL 
REPORT. 

Elements  of  Work 

(a)  Conduct  additional  field  testing  If  required.  Discuss  the  Implications  of 
the  results  with  the  Project  Coamlttee  if  the  results  differ  from  the 
predicted  performance. 

(b)  Amend  the  report  as  per  review  couments,  Incorporating  additional  field 
data  If  required. 

(c)  Submit  copies  of  the  final  reports  to  the  MOE  for  distribution. 


